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Second  IntonMtional  Sealnar 
Misconceptions  and  Educstlonsl  Strategies  in 
Science  end  Mathematics 
July  26-29,  1987 

Introduction 

Our  first  seminar,  held  In  1983,  showed  that  there  was 
strong  International  Interest  In  the  general  topic  of  student 
misconceptions  In  science  and  mathematics  (see  Helm  and 
Novak,  1983) .    Advance  announcements  for  our  second  seminar 
were  more  widely  clrculatea,  but  the  fact  that  over  three 
times  as  many  papers  (177)  were  presented  and  more  than  three 
times  as  isany  participants  (367)  enrolled  from  26  countries 
cas  clear  Indication  of  the  great  Interest  currently 
evidenced  In  the  field.    The  proceedings  are  being  printed  In 
three  volumes  to  accommodate  all  papers  submitted.    A  roster 
of  participants  Is  Included  In  each  volume. 

The  format  for  the  seminar  followed  the  pattern  of  our 
first  seminar:    a  wine  and  cheese  Informal  reception  on 
Sunday  evening;  morning  and  afternoon  sessions  for  paper 
presentations  and  discussions;  late  afternoon  plenary 
sessions  to  discuss  "Issues  of  the  Day";  and  unscheduled 
evenings.    There  vas  the  frustration  for  most  participants  of 
choosing  between  seven  or  eight  simultaneous  sessions,  but 
papers  were  grouped  by  topics  In  an  attempt  to  preserve  some 
homogeneity  of  Interests  In  each  group.     Papers  are  presented 
In  the  Proceedings  In  broad  general  categories  similar  to  the 
groupings  used  In  the  seminar  program,  and  In  alphabetical 
order  by  senior  author. 

Meetings  of  the  Psychology  and  Mathematics  Education 
group  were  scheduled  In  Montreal,  Canada  just  preceding  our 
seminar  and  this  facilitated  participation  by  a  number  of 
math  educators  who  might  otherwise  not  have  attended.  In 
both  our  first  seminar  and  again  In  1987,  there  was  a  strong 
feeling  that  researchers  In  science  education  and  In  math 
education  can  benefit  by  greater  Interaction.  Although 
parallel  sessions  devoted  to  science  or  math  education 
research  limited  some  of  this  Interaction,  plenary  sessions 
and  Informal  meetings  offered  some  opportunities  for  much 
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needed  cross -disciplinary  dialogue.    There  was  a  general 
conr.ensus  that  many  of  the  issues  and  problems  were  common  to 
both  science  and  math  education.    In  some  areas  of  research, 
math  education  appears  t^  more  advanced  than  science 
education  (e.g.,  concern  for  eplstemology  as  It  relates  to 
instruction)  and  In  other  areas  the  reverse  Is  true  (e.g., 
the  use  of  metacognltlve  tools  to  facilitate  understanding) . 
In  the  plenary  session  on  physics  and  chemistry,  similar 
concerns  were  evidenced  In  communication  between  sciences. 

Tl.ere  remains  the  problem  of  definition  of 
misconceptions,  alternative  frameworks,  or  whatever  we  choose 
to  call  these  commonly  observed  patterns  In  faculty 
understanding  evidenced  In  students,  teachers  and  textbooks. 
There  were  more  papers  presented  In  this  second  seminar  on 
how  to  deal  with  misconceptions  than  In  the  first;  however, 
there  was  still  heavy  representation  of  papers  dealing  with 
the  kind,  number  and  tenacity  of  misconceptions  and  probably 
too  few  dealing  with  educational  strategies  to  mollify  or 
remove  the  deleterious  effects  of  misconceptions  or  to  limit 
teacher  or  text  Initiation  of  misconceptions. 

More  emphasis  was  evidenced  on  the  importance  of 
eplstemology  to  Improvement  of  science  and  math  education. 
In  general,  there  was  strong  endorsement  of  "constructlvlst" 
eplstemology  both  for  clarifying  the  nature  of  knowledge  and 
knowledge  production  and  as  an  underpinning  for  lesson 
planning  and  pedagogical  practices.    Of  course,  there  was 
debate  on  the  value  of  constructlvlst  Ideas  and  even  some 
questioning  of  constructlvlst  eplstemology  In  contrast  to 
empirical/posit Ivlst  views  on  the  nature  of  knowledge  and 
knowing.    A  number  of  participants  observed  that  we 
promulgate  constructlvlst  thinking  for  students,  but  too 
often  we  conduct  teacher  education  programs  that  seek  to  give 
teachers  fixed  truths  and  methodologies,  rather  than 
recognize  their  need  to  reconceptuallze  subject  matter  and 
pedagogical  strategies  as  they  engage  In  the  slow  process  of 
conceptual  change, 


Although  concern  for  teacher  education  was  better 
represented  by  papers  In  this  seminar  than  In  our  £lrst» 
there  remained  a  common  perception  that  new  Ideas  and 
methodologies  to  Improve  te*  ,ner  education,  and  much  more 
£leld*based  research  In  teacher  education,  are  badly  needed. 
As  ve  launch  this  year  at  Cornell  University  a  new  science 
and  aatheoatlcs  teacher  education  program,  with  new  faculty, 
we  were  especially  sensitive  to  the  concerns  expressed.  Thuy 
represent  an  Important  challenge  to  us  as  we  move  ahead  In 
the  design,  evaluation  and  analysis  of  our  new  teacher 
education  Initiatives. 

In  our  closing  plenary  session,  Ron  Hoz  expressed 
concern  for  the  limited  representation  of  papers  dealing  with 
the  psychology  of  learning  as  It  relates  to  science  and 
mathematics  education.    This  concern  appears  to  be  warranted 
in  view  of  the  fact  that  most  psychologists  interested  In 
human  learning  have  abandoned  bankrupt  ideas  and 
methodologies  of  behavioral  psychologists  (e.g.,  B.F. 
Skinner),  and  arc  now  developing  and  refining  strategies  for 
study  of  cognitive  learning  (e.g.,  James  Greeno) .    The  early 
work  of  Jean  Plaget,  George  Kelly,  David  Ausubel  and  other 
cognitive  psychologists  Is  now  entering  the  mainstream  of  the 
psychology  of  learning.    These  works  have  Important  relevance 
to  the  study  of  teaching  and  learning  as  related  to 
misconceptions.    A  note  of  caution,  however.    Most  of  the 
behavior Ist  psychologists  turned  cognitive  psychologists 
still  operate  methodologically  as  posltlvlsts.    They  hold 
construe tlvlsts  views  o€  learning  (I.e.,  that  learner's  must 
construct  their  own  new  meanings  based  on  tnelr  prior 
knowledge),  but  they  adhere  to  rigidly  posltlvlst  research 
strategies  and  often  recommend  teaching  practices  that  ignore 
the  teacher  as  a  key  player  In  constructlvlst* oriented 
teaching/learning.    The  ^'construe tivist  convert" 
psychologists  were  conspicuously  absent  from  our  participant 
roster.    What  Is  the  message  here? 

There  were  more  papers  dealing  with  metacognltlve  tools. 
Q      This  may  reflect  in  part  the  rising  national  concern  with 
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helping  students  "learn  how  to  learn."    Almost  every  Issue  of 
the  Journal  of  the  Association  for  Supervision  and  Curriculum 
Development  (Educational  Leadership^  has  articles  on  this 
copic  extolling  the  merits  of  efforts  to  help  students 
acquire  "thinking  skills."    Another  word  of  caution:  a 
backlash  Is  already  developing  In  the  American  public  that 
schools  are  so  busy  with  numerous  activities  to  teach 
"thinking  skills"  that  too  little  subject  matter  Is  being 
taught!    My  own  view  Is  that  most  of  the  "thinking  skill" 
programs  lack  solid  underpinning  In  both  the  psychology  of 
cognitive  learning  and  In  cons  true  tlvlst  eplstemology .  They 
are  too  often  an  erd  In  themselves,  rather  than  a  means  to 
facilitate  learning  and  thinking  that  places  responsibility 
on  the  learner  for  constructing  their  meanings  about  subject 
matter.    Concept  mapping  and  Vee  diagramming  are  two 
metacognltlve  tools  that  have  had  demonstrated  success  In 
this  respect,  as  reported  by  a  nijunber  of  papers  In  Volume  I 
of  these  Proceedings.    From  our  perspective,  we  should  like 
to  see  much  more  research  done  on  the  use  of  metacognltlve 
tools  to  help  teachers  help  students  modify  their 
misconceptions  and  foirm  more  valid  and  powerful  conceptual 
frameworks. . 

In  the  mathematics  groups  In  particular,  but  also  In 
some  of  the  science  sessions,  there  was  concern  expressed 
regarding  the  importance  of  "procedural  knowledge"  as 
contrasted  with  "conceptual  knowledge."    Students  often  learn 
an  algorithm  or  procedure  for  solving  "textbook"  problems  but 
cannot  transfer  this  skill  to  novel  problem  settings  or 
across  disciplines.    They  fall  to  understand  the  concepts 
that  apply  to  the  problems.    The  contrast  between 
"procedural"  and  "conceptual"  knowledge  Is,  In  my  view,  an 
artificial  distinction.    In  our  work  with  sports  education, 
dance,  physics,  math  and  many  other  fields,  we  have  never 
observed  a  procedure  that  could  not  be  well  represented  with 
a  concept/propositionftl  hierarchy  in  a  concept  map.  The 
limitation  we  see  is  that  both  strategies  for  problem  solving 
and  understanding  basic  disciplinary  ideas  derive  from  the 
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conceptual  opaqueness  of  most  school  Instruction. 
Mathertatici.  vo'.ce  and  dance  instruction  are  prrtlcularly  bad 
cases  of  conceptually  opaque  teaching.    Hetacognltlve  tools 
such  as  concept  mapping  can  reduce  some  of  the  dilemma 
evidenced  in  concern  for  procedural  versus  conceptual 
learning  to  the  need  for  more  research  and  practice  to  help 
teachers  help  students  seo  more  clearly  the 
conceptual/propositional  frameworks  that  underlie  meaningful 
learning  and  transferability  of  knowledge. 

The  role  of  the  computer  in  science  and  mathematics 
education  is  emerging;  more  prominently.    Several  sessions 
dealt  with  papers/discussion  on  the  use  of  the  computer  as  an 
educative  tool,  and  numerous  othei  sessions  had  one  or  more 
papers  that  report  i  on  studies  that  involve  computers  in 
some  way.    The  rapidly  increasing  power  and  stable  cost  of 
micrococpputers ,  together  with  better  and  easier  authoring 
systems,  are  changing  significantly  the  application  ot 
computers  in  science  and  mathematics  education.     In  many 
cases »  the  computer  is  not  a  substitute  for  class  instruction 
but  rather  a  tool  for  extending  learning  in  class  to  novel 
problem  solving  or  simulation  constructions.    The  use  of  the 
computer  to  provide  directly  large  amounts  of  raw  data,  or  to 
permit  access  to  large  data  banks »  makes  possible  problem 
solving  activities  that  border  on  original  research,  thus 
providing  opportunities  for  creative  problem  peneraclon  and 
problem  solving  by  students  in  ways  that  offer  an  experience 
paralleling  creative  work  of  scientists  or  mathematicians. 
The  emerging  use  of  video  disc  vlth  computers  and  the 
emerging  technologies  for  monltoriug  laboratory  experiments 
should  provide  exciting  new  opportunities  for  science  and 
mathematics  instruction  and  also  for  the  use  of  nietacognitive 
tools.    We  expect  to  see  much  more  activity  reported  in  this 
area  of  future  seminars  of  our  group. 

It  is  interesting  to  note  in  passing  that  while  video 
tape  was  often  recognized  as  a  powerful  tool  in  research  on 
teaching/learning  and  for  teacher  education »  not  one  paper 
reported  on  che  use  of  TV  as  a  pricarily  teaching  vehicle. 
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The  much  heralded  power  of  television  as  an  instructional 
vehicle  in  the  1950*s  has  not  materialized.    What  will  be  the 
fate  of  computer  aided  instruction  or  interactive  video 
instruction  in  20-30  years? 

On  occasion,  especially  in  sessions  dealing  with 
teaching  and  teacher  education,  it  was  observed  that  the 
school  and  classroom  are  complex  social  settings.    We  know 
much  too  little  about  how  social  factors  facilitate  or 
inhibit  acquiring  or  modifying  and  correcting  misconcep'uions, 
or  indeed  any  other  learning.    There  is  a  need  for  an 
enormous  increase  in  studies  dealing  with  the 
school/teacher/learner  sociology  as  it  relates  to 
misconceptions  research.    We  need  to  learn  more  about  what 
sociologists,  anthropologists  and  linguists  are  learning 
about  how  people  communicate  or  fail  to  communicate  porltive 
ideas  and  feelings.     It.  is  my  hope  that  our  next 
international  seminar  on  misconceptions  will  reflect  more 
knowledge  and  awarenesi;  of  these  fields. 

There  remains  much  work  to  be  done.    And  yet  there  are 
reasons  for  optimism.    We  are  learning  more  about  why 
students  fail  to  learn  and  how  to  help  teachers  help  students 
learn  better.    1  believe  the  science  of  education  is  building 
a  solid  the ory/re search  base,  and  positive  results  in 
improvement  of  educational  practices  are  already  emergint^. 
The  next  decade  should  bear  fruit  in  tangible  improvement  of 
science  and  mathematics;  teaching. 
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Teaching  Implications  of  Misconceptions  in  Probability  and 
Statistics 

Franca  Aguoli 

University  of  Prdova 
Padova,  Italy 

A  few  years  ago  in  Italy  the  objectives  for  the  Elementary 
School  years  were  completely  revised.  For  the  first  time,  teaching 
the  fundamental  rules  of  logic,  probability  and  statistics  was 
officially  stated  as  an  objective.  In  stating  this  objective,  the  Italian 
Commission  of  the  Ministry  of  Public  Education  explicitly  noted 
that  children's  intuitive  thinking  about  the  rules  of  probability  and 
sti^tistics  should  be  the  basis  of  efforts  to  teach  them  the  formal 
rules. 

In  this  paper  I  will  examine  the  soundness  of  this  instructional 
policy  and  how  it  could  best  be  implemented.  First,  I  will  consider 
the  reliability  of  both  adults'  and  children's  intuitions  .-^bout 
probability,  and  cite  examples  that  demonstrate  quite  compellingly 
that  intuitive  thinking  may  lead  to  errors  in  problems  involving 
logic-and  probability.  Second,  I  will  describe  a  method  I  have  used 
to  train  adults  and  children  to  use  more  formal  rules  and 
counteraa  the  fallacies  that  result  from  intuitive  thinking.  Third,  I 
will  consider  how  such  methods  could  be  adapted  for  use  in 
educational  settings. 

The  seminal  work  by  Kahneman  and  Tversky  (Kahneman  & 
Tversky,  1972;  1973;  Tversky  &  Kahneman,  1971;  1973;  1974) 
demonstrated  that  adults'  judgments  are  often  inconsistent  with 
normative  rules  of  logic  and  probability.  To  explain  these 
inconsistencies,  they  proposed  that  people  often  rely  on  judgmental 
heuristics,  which  arc  strategies  for  decision  making  based  on 
intuitive  or  natural  assessments.  Although  these  heuristics  provide 
valid  judgments  in  many  situations,  in  certain  circumstances  they 
lead  to  misconceptions. 

My  own  research  has  focused  on  the  representativeness 
heuristic,  which  is  one  of  many  heuristics  proposed  by  Kahneman 
and  Tversky.  They  (Tversky  &  Kahneman,  1983)  note  that  an  error 
in  probabilistic  reasoning  called  the  conjunction  fallacy  can  be 
caused  by  the  representativeness  heuristic.  An  example  of  the  kind 


of  problem  that  may  elicit  the  representativeness  heiristic,  causing 
the  conjunction  fallacy,  is  shown  in  Table  1. 


Table  1 

Example  of  an  Adult  Representativeness  Problem 


A  health  survey  was  conducted  in  a  representative  sample  of  adult 
males  in  British  Columbia  of  all  ages  and  occupations. 

Mr.  P.  was  included  in  the  sample.  He  was  selected  by  chance 
from  the  list  of  participants. 

Which  of  the  following  statements  is  more  probable? 

1)  Mr.  F.  has  had  one  or  more  heart  attacks. 

2)  Mr.  F.  has  had  one  or  more  heart  attacks  and  he  is  over 

55  years  old. 


Adapted  from  Tversky  &  Kahneman,  1983. 

Consistently  subjects  respond  to  the  problem  by  identifying  the 
second  alternative  as  the  most  probable.  This  response  is 
inconsistent  with  a  fundamental  rule  of  probability,  which  states 
that  the  probability  of  the  conjunction  of  two  events  is  less  than  or 
equal  to  the  probability  of  either  of  the  two  events.  In 
mathematical  notation  this  rule  is  written  as:  p(A&B)  ^  p(B).  To 
explain  this  conjunction  error,  Tversky'  and  Kahneman  proposed 
that  subjects  judged  the  representativeness  of  the  alternatives 
instead  of  their  probabilities,  and  based  their  response;  on  these 
assessments  of  ref)resentativeness.  The  cnaracteristic  "having  a 
heart  attack"  is  commonly  associated  with  the  characteristic  "adult 
males  over  55  years."  In  many  situations  representativeness  and 
probability  covary,  but  when  they  are  iincorrelated,  judgments 
based  on  representativeness  will  lead  to  conclusions  that  are 
different  from  those  reached  with  logical,  extensional  thinking. 

For  educational  purposes,  a  central  question  is  whether 
children  are  as  susceptible  as  adults  to  heuristics.  These  heuristics 
may  be  learned  through  experience;  if  so,  children  have  had  less 
opportunity  ti.an  adults  to  develop  such  heuristics.  In  the  specific 


case  of  the  representativeness  heuristic,  we  could  argue  that 
children  have  less  world  knowledge  and  they  may  be  less 
schema-dependent  than  adults  (a  similar  point  has  been  made  by 
Ross,  1981).  It  is  imponant  to  know  whether  children  are  misled 
by  such  shortcuts  in  order  to  be  able  to  decide  upon  the 
correctness  of  an  educational  policy  that  encourages  teaching  of 
probability  and  statistics  based  on  intuitive  thinking. 

To  investigate  children's  susceptibility  to  the  representativeness 
heuristic,  I  conducted  an  Experiment  with  9,  11  and  13  year-old 
children  (Agnoli,  1987).  Table  2  shows  two  questions  I  presented 
to  Italian  children.  The  first  one  asks,  "In  Summer  at  the  beach 
are  there  more  women  or  more  tanned  women?"  This  is  clearly  a 
representativeness  question  because  the  scenario  elicits  a 
representation  in  which  tanned  women  are  representative  of 
women  at  the  beach.  The  second  one  asks,  "In  Summer  at  the 
beach  are  there  more  women  or  more  pale  women?"  This  is 
clearly  a  non-representative  question,  because  most  women  are  not 
pale,  at  least  at  Italian  beaches. 

Table  2 

Example  of  Representativeness  Problem  for  Children 


In  Summer  at  the  beach,  are  there: 

1)  more  women  or  more  tanned  women? 

(Representative  question) 

2)  more  women  or  more  pale  women? 

(Non-representative  question) 
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Each  child  was  asked  six  representative  and  six 
non-representative  questions.  In  Figure  1,  the  results  of  this 
experiment  are  presented.  Obviously,  children  of  all  three  age 
groups  made  a  lot  of  errors  for  problems  presented  in  the 
Representative  format,  many  more  than  they  made  in  the 
Non -Representative  format.  Clearly,  children  are  highly  suscepcible 
to  the  representativeness  heuristic. 

.'9 
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Figure  I.  Proportion  of  errors  for  representative  and  non-representative 
problems  in  three  age  groups. 


A  conclusion  that  could  be  reached,  looking  only  at  the  results 
reviewed  so  far,  is  that  intuitive  judgments  of  frequency  and 
probability,  both  in  children  and  adults,  are  a  flawed  starting  point 
for  teaching  an  understanding  of  logic  and  probability.  An 
implication  of  this  conclusion  could  be  that  we  can  only  teach  the 
^'conservative"  way,  by  starting  from  the  formal  rules  and  avoiding 
any  links  to  misconceptions  inherent  in  children's  and  adults' 
misconceptions.  However,  if  ways  are  found  to  correct  or 
counteract  these  misconceptions,  than  intuitions  may  be  made  a 
more  sound  basis  for  instruction. 

Our  recent  experimental  work  may  shed  some  light  on  this 
issue.  In  particular,  we  have  shown  that  it  is  possible  to  reduce  the 
effect  of  representativeness  in  adults'  probability  judgments  as  well 
as  in  simpler  logical  tasks  performed  by  children.  In  both  cases  the 
effect  was  reduced  through  training  that  emphasizes  the  possible 
relationships  among  logical  sets. 

Agnoli  and  Krantz  (1987)  tested  whether  it  was  possible  to 
train  naive  adult  subjects  to  use  logical  rules,  thereby  making 
extensional  comparisons,  in  problems  like  the  one  shown  in  Table 
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1  and,  therefore,  decrease  the  number  of  conjunction  errors.  We 
used  a  training  session  in  which  logical  rules  such  as  inclusion, 
disjunction,  and  overlapping  were  explained  to  subjects.  Such 
relations  were  explained  with  simple  examples  through  the  use  of 
Venn  diagrams. 

The  relevance  of  the  conjunction  rule  to  the  problem  presented 
in  Table  1  becomes  much  more  apparent  when  the  problem 
elements  arc  presented  in  a  Venn-diagram  representation  (see 
Figure  2).  It  is  clear  that  the  intersection  (Men  who  have  had  one 
or  more  heart  attacks  and  are  more  than  55  years  old)  is  a  subset 
of  the  other  two  sets,  and  therefore  must  be  less  frequent. 


Men  whc  have 
had  one  or  more 
heart  attacks 


Men  who  are 
over  55  years  old 


Men  who  have  had 
one  or  more  heart 
attacks  and  are  over 
55  years  old 


Figure  2.  Venn-Diagram  representation  of  the  problem 
presented  in  Table  1. 


Subjects  were  also  trained  to  consider  category  size.  By 
considering  category  size,  subjects  were  trained  to  estimate  the 
probability  that  an  element  is  a  member  of  a  category.  This 
t^'aining  reduced  dramatically  the  number  of  conjunction  errors 
made  by  the  naive  subjects  tested.  We  concluded  from  a  series  of 
experiments  that  people  can  gain  an  awareness  of  the  misleading 
effects  of  the  representativeness  heuristic. 
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More  recently,  I  conducted  a  series  of  experiments  with 
subjects  aged  11  to  13  to  test  whether  children  of  this  age  could 
also  learn  to  use  normative  logical  rules  and  avoid  those  errors 
caused  by  the  representativeness  heuristic  (Agnoli,  1987).  The 
children  were  tested  on  problems  in  the  Representative  format  like 
the  one  piesented  in  Table  2.  I  developed  a  training  module 
similar  to  the  one  we  used  with  adults.  In  this  training,  children 
read  about  Venn-diagram  representations  of  inclusion  a..d 
disjunction,  they  were  invited  to  draw  Venn-diagram 
representations  for  logical  categories,  and  the  correct 
representations  were  presented.  Finally,  the  correspondence 
between  Venn-diagram  representations  and  frequencies  was 
explained.  Figure  3  shows  a  Venn-diagram  representation  of  the 
problem  presented  in  Table  2. 
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Figure  3.  Venn-Diagram  representation  of  the  problem  presented 
in  Table  2.  similar  to  Venn-diagrams  used  during  training. 


Children  of  both  age  groups  were  assigned  to  one  of  two 
groups.  The  procedure  for  the  two  groups  was  exactly  the  same, 
except  that  before  the  first  set  of  problems,  subjects  in  the  training 
group  completed  the  training  module.  Ten  days  later  all  children 
were  tested  again,  with  no  further  training.  The  results  of  this 
series  of  experiments  (see  Figure  4)  showed  that  the  logical 
training  greatly  reduced  the  frequency  of  errors  for  both  ages. 
From  an  educational  point  of  view,  it  is  interesting  to  note  the 
stability  of  this  training  effect  over  time.  The  training  was  effective 
not  only  irr.mediately.  but  ten  days  later  in  the  second  session. 
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Figure  4,  Proportion  of  errors  for  un-trained  and  trained  subjects 
in  Sessions  1  and  2. 


In  these  experiments,  subjeas  were  asked  to  provide  rationales 
for  each  choice.  The  rationales  for  representativeness  responses 
almost  always  made  reference  to  representativeness,  whereas  the 
rationales  for  logical  responses  almost  always  made  reference  to 
the  elements  of  logical  reasoning.  This  generalization  held  for  both 
the  control  and  the  training  groups. 

The  research  I  have  reported  (for  both  adults  and  children) 
points  to  areas  in  which  misconceptions  based  on  intuitive  thinking 
lead  to  logical  and  probabilistic  errors.  I  noted  above  that  this 
research  could  suggest  that  intuitive  judgments  are  a  flawed 
starting  point  for  teaching  logic  and  probability,  but  that  these 
intuitions  could  be  made  more  sound  by  finding  ways  to  correct 
the  misconceptions  inherent  in  intuitions.  The  training  procedures  I 
used  to  overcome  the  representativeness  heuristic  are  a  successful 
example  of  ways  that  such  misconceptions  can  be  counteracted. 
Such  training  procedures  provide  a  formal  procedure  for  solving 
problems  that  simultaneously  may  extend  the  subjects*  intuitions 
about  probability  and  statistics.  Through  use  of  surh  training 
procedures,  people  may  learn  the  limits  of  their  intuitions, 
recognizing  when  heuristics  are  and  are  not  appropriately  applied. 
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The  research  I  have  reported  suggests  that  it  is  possible  for 
subjects  to  learn  about  the  effects  of  two  different  thinking 
systems,  both  intuitive  and  formal.  I  instructed  adults  and  children. 
11  and  13  years-old,  about  representativeness  and  compared  it  to 
the  formalism  of  Venn-diagrams.  The  training  session  provided  a 
tool  for  deciding  which  intuitions  were  valid  and  which  intuitions, 
based  on  representativeness,  led  to  violations  of  the  conjunction 
rule  or  to  frequency  errors.  The  tool  helped  to  substitute  one 
behavior  for  another.  The  tool  helped  to  serve  as  a  perceptual 
external  aid  to  ease  construction  of  the  correct  mental 
representation  when  subjeas  drew  the  diagrams  or  as  a  memory 
tool  when  subjeas  confronted  the  problem  without  explicitly 
drawing  Venn-diagrams. 

In  the  area  of  medical  decision  making.  Cole  (1986)  proposed 
a  tool  that  overcomes  another  kind  of  probability  misconception. 
He  showed  that  a  graphical  representation  could  greatly  simplify  a 
difficult  judgment  problem  that  involved  considering  base  rates. 
Base  rate  problems  are  common  in  the  medical  research  area.  For 
example.  Cole  considered  the  case  of  a  35  year-old  woman  who 
has  tested  positive  for  breast  cancer,  based  on  a  test  with 
characteristics  such  that  people  with  the  disease  have  a  95% 
chance  of  testing  positive  and  people  without  the  disease  have  a 
90%  chance  of  getting  a  negative  result.  The  crucial  issue  in  this 
problem  is  the  necessity  of  taking  into  account  base  rates  (that  is, 
the  prevalence  of  breast  cancer  in  35  year-old  women).  It  has 
been  repeatedly  demonstrated,  however,  that  adults  do  not  take 
base  rates  into  account  in  their  judgments  (Tversky  and 
Kahneman,  1982).  Cole  (1986)  showed  that  with  the  aid  a 
probability  map  the  complex  decision  making  becomes  almost 
trivial.  This  map  represents  the  frequencies  of  individuals  who 
have  a  given  disease  and  exhibit  the  symptoms  of  the  disease.  If  a 
physicran  does  not  realize  the  implications  of  a  low  base  rate  for  a 
disease,  symptoms  of  the  disease  could  be  given  too  much  weight. 
The  probability  map  correas  this  misconception. 

It  should  be  noted  that  intuitive  thinking  about  probability  and 
statistics  is  not  always  wrong.  There  have  been  instances  in  the 
literature  showing  that,  at  times,  adults  have  effective  "statistical" 
heuristics.  For  example,  Nisbett,  Krantz,  Jepson  and  Kunda  (1983) 
have  argued  that  adults  have  a  rudimentary  understanding  of  the 
law  of  large  numbers,  and  they  point  to  the  work  by  Piaget  and 
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Inhelder  (1975)  tc  show  that  people  in  western  culture  leam  at  a 
very  early  age  to  recognize  the  probabilistic  behavior  of  random 
generating  devices. 

A  teacher  concerned  with  instruction  in  logic,  probability  and 
statistics  must  recognize  the  often  misleading  role  of  "intuitive  * 
heuristics  at  the  same  time  as  their  strengths.  Certainly  intuitions 
can  serve  as  the  basis  of  efforts  to  leam  more  formal  rules,  as 
suggested  by  the  Italian  Commission  of  the  Ministry  of  Public 
Education,  but  not  without  tools  to  help  counteract  those  intuitions 
that  lead  to  errors  and  misconceptions.  The  tools  I  have  developed 
using  Venn-diagrams  are  an  effective  »vay  of  counteracting  the 
representativeness  heiuistic,  and  the  probability  map  developed  by 
Cole  (1986)  counteracts  failures  to  consider  base  rates.  There  are 
many  other  heuristics  that  can  lead  to  errors  and  misconceptions  in 
probabilistic  and  statistical  reasoning  (Kahneman,  Slovic,  & 
Tversky,  1982).  An  effective  educational  program  will  require 
continued  research  on  tools  that  counteract  ineffective  heuristics 
and  expand  the  effectiveness  of  other  heuristics. 
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This  paper  reports  the  results  of  an  initial  attempt  to 
investigate  the  effectiveness  of  a  Vee  diagram  in  helping 
third  grade  elementary  school  students  learn  science  concepts 
meaningfully.   A  Vee  di^vram  is  a  structured,  visual  means  of 
relating  the      ^odological  aspects  of  an  activity  (such  as  a 
science  expeix.»ent)  to  the  underlying  conceptual  aspects.  It 
focuses  ou  the  salient  role  of  concepts  in  learning  and 
retention* 

Theoretical  Framework 

Gowin's  (1981)  theory  of  educating,  Ausubel's  (1963, 
1968)  cognitive  theory  of  meaningful  reception  learning,  and 
a  constructivist  epistemology  provide  the  philosophical  and 
theoretical  background  upon  which  this  investigation  was 
designed  and  through  which  the  results  were  interpreted. 
Gowin'i^  theory  of  educating  focuses  on  the  educative  event 
and  its  related  concepts  and  facts.    This  theory  is  helpful 
in  classifying  the  relevant  aspects  of  the  educative  event 
and  its  related  concepts  and  facts.    In  an  educative  event, 
teachers  and  learners  share  meanings  and  feelings  so  as  to 
bring  about  a  change  in  the  human  experience.    This  theory 
stresses  the  centrality  of  the  learner's  experience  in 
educating.    Ausubtl's  learning  theory  places  central  emphasis 
on  the  influence  of  students'  prior  knowledge  on  subsequent 
meaningful  learning. 

Epistemology  is  a  philosophical  term  that  deals  with  the 
nature  of  knowledge  and  how  knowledge  is  produced. 
Philosophers  such  as  Gowin  (1981) ,  Toulmin  (1972) ,  and  Brown 
(1979)  feel  that  knowledge  is  constructed  from  experience 
using  concepts  as  stepping  stones.    Concepts  are  signs/ 


symbols  that  point  to  regularities  in  events  or  objects 
(Gowin,  1981).    Concepts  are  usually  identified  by  words,  but 
th-sy  say  be  nuaerical  cr  syabclic  (such  as  musical  notations 
or  mathematical  symbols).    For  example,  those  objects  that 
have  markings  peculiar  to  a  specific  nation  (i.e.,  stars  and 
stripes)^  and  which  are  hoisted  and  suspended  from  a  pole, 
show  the  regularity  that  we  designate  with  the  symbol  U.S. 
fla£.    Events  are  defined  as  anything  that  happens  naturally 
(e.g.,  thundershower,  tornado,  volcanic  eruption)  or  can  be 
made  to  happen  (e.g.,  soccer  match,  school  play,  art  exhibit, 
orchestra  recital,  faculty  meeting,  AERA  Conference). 
Octets  are  defined  as  anything  that  exists  and  can  be 
observed.    For  example,  birds,  snow,  mountains,  and  volcanoes 
arm  naturally  occurring  objects;  flags,  books,  bridges,  and 
robots  are  objects  that  humans  construct. 

The  Vee  heuristic  was  developed  by  Gowin  to  aable 
students  to  understand  the  structure  of  knowledge  (e.g., 
isolated  facts,  relational  networks,  hierarchies, 
combinations)  and  processes  of  knowledge  construction  (Gowin, 
1981;  Novak  &  Gowin,  1984).    The  fundamental  assumption  is 
that  knowledge  is  not  tbso?  te,  but  rather  it  is  dependent 
upon  the  concepts,  theories,  and  methodologies  by  which  we 
view  the  world.    This  assumption  is  supported  by  current 
views  of  epistemology  (Brown,  1979;  Kuhn,  1962;  Toulmin,  • 
1972).    The  philosophical  basis  of  the  Vee  diagram  makes 
concepts,  and  propositions  composed  of  concepts,  the  central 
elements  in  the  structure  of  knowledge  mod  the  construction 
of  Mani&f •    The  learning  theory  that  exemplifies  concept  and 
propositional  learning  as  the  basis  on  which  individuals 
construct  their  own  meanings  is  espoused  by  Ausubel  (1963, 
1968;  Ausubel,  Movak  k  Ranesian,  1978).    The  primary  concept 
in  Ausuhel*s  theory  is  meaningful  learning.    To  learn 
meaningfully,  individuals  must  choose  to  relate  new  knowledge 
to  relevant  concepts  and  propositions  they  already  know.  The 


diagrui  it  a  tool  for  acquiring  inforaation  about 
knowladga  and  how  knowladge  is  constructed  and  used. 

Vee  ^iagraMiing  has  proven  to  be  successful  as  an 
instructional  heuristic  with  college  students  (Chert,  1980; 
Leahy,  1986;  Taylor r  1985).    Vee  diagrauing  has  been 
investigated  in  ninth  and  eleventh  grade  science  classes 
(Gurley,  1982),  and  with  junior  high  school  students  (Novak, 
Gowin,  ft  Joban;3eB,  1983)  • 

A  concept  up  depicting  the  Vee  is  shown  in  Figure  1.  A 
concept  «ap  is  a  visual  representation  of  a  person's  thought 
processes.    It  is  portrayed  visually  in  a  hierarchial  fashion 
and  represents  concepts  and  their  interrelationships.    As  can 
be  seen  and  read  froB  the  concept  lap,  the  Vee  diagraa 
separates  conceptual  (thinking)  froa  aethodological  (doing) 
eleaents  of  inquiry*    Both  sides  actively  interact  with  each 
other  through  the  use  of  the  focus  question(s)  that  directly 
relates  to  events  and/or  objects.    This  interaction  is 
depicted  by  broken  lines  indicating  cross  links.  Cross 
linkages  show  aeaningful  relationships  between  segaents  of 
the  concept  hierarchy* 

The  conceptual  side  includes  philosophy,  theory, 
principles/conceptual  systems  (which  include  developing  a 
concept  aap),  and  concepts  all  of  which  are  related  to  each 
ether  and  to  the  events  and/or  objects  which,  in  turn,  are 
used  to  aake  records  of  the  events  and/or  objects  are 
transforaed  into  graphs,  charts,  figures,  transcriptions  of 
audio  or  video  tapes,  and  so  forth  and  becoae  the  basis  to 
aake  knowledge  and  value  claias.   Vhile  there  is  no  set  way 
in  which  to  read  a  Vee  diagrast  (either  froa  left  to  right  or 
right  to  left,  top  to  bottoa,  bottoa  to  top,  or  anywhere  in 
between),  it  is  advisable  to  begin  with  the  educative  events 
as  the  foint  of  the  Vee  followed  by  the  focus  question (s). 
The  reascu  for  such  a  progression  is  that  the  educative  event 
is  paramount  in  deteralning  the  focus  question (s)  for  the 


Figure  1.    Concept  Hap  ot  a  Vee  Di&gram* 


invsiry  tnd  tht  subsequent  interplay  aaong  the  conceptutl  and 

aethodolotfical  eleaents. 

The  structure  of  knowledge  on  the  Vee  refers  to  tarn 

results  or  products  of  the  inquiry.    Structure r  in  Gowin's 

Veer  aeans  the  eleaents  and  their  relation  to  each  other. 

Gowin  (1981r  pp.  87-88)  defines  the  "structure  of  knowledge" 

by  capsulixing  his  rtaarks  of  an  earlier  paper  (Gowinr  1970): 

The  structure  of  knowledge  aay  be  characterized  (in 
any  field  or  ezeaplar  of  that  field)  by  its  telling 
questions,  key  concepts  and  conceptual  systeas;  by 
its  reliable  and  relevant  aethods  and  techniques  of 
werk;  by  its  central  products;  by  its  within-field 
and  outside-the-field  values;  by  its  agents  and 
audiences  (the  so-called  "coaaunitv  of  scholars'*); 
and  by  the  phenoaena  of  interest  the  field  deals 
with  and  the  occasions  which  give  rise  to  the  quest 
for  knowledge. 

The  purpose  of  this  study  was  to  deteraine  if  Vea 
diagraas  could  be  taught^  understood r  and  used  aeaningfully 
by  third  grade  students  in  learning  concepts  in  a  science 
experiaent . 

Methods  and  Materials 

This  study  was  conducted  over  a  three  aonth  period  in  an 
eleaentary  school  in  a  large  aetropolitan  school  district  in 
Tennessee.   Twenty-eight  third*fraders  and  their  teacher 
participated  in  this  study.    Twenty-six  children  in  the  third 
grade  class  were  tested  the  year  before  with  the  Stanford 
Achieveae&t  Test,  Ton  T,  Level  4.    These  children  had 
reading  <(taniae  scores  ranging  froa  4  through  9.   Of  the 
reaaining  two  ctudent»#  cue  had  been  tested  with  the  Iowa 
Test  of  iasic  Skills,  rem  7  (198S)  and  the  other  had  no  test 
records.   Overall,  this  class  was  judped  by  the  classrooa 
teacher  to  he  slightly  above  average. 

First r  the  teacher  was  instruct sd  on  the  purpose  and  use 
of  concept  aaps.   I&owledge  of  concept  aaps  is  a  preraquisite 
to  the  introduction  of  Vee  diagraas.    Students  (developed 
concept  aaps  with  the  unit  of  study  prior  to  introducing  the 
Vee  diagraa.   Mext,  the  teacher  w%s  instructed  o^i  the 
teminology  of  the  Vee  and  the  relationship  of  each  elaaent 
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on  the  Vee  to  aspects  of  their  reading  assignaents.    She  then 
instructed  her  class  on  the  purpose r  terainologyr  and  use  of 
Vee  diagraas. 

The  teacher  introduced  exaaples  of  concept  aaps  and  Vee 
diagraas  associated  with  the  assigned  lessons.    Next,  she 
introduced  a  skeletal  Vee  diagraa  that  contained  headings: 
focus  question,  event/object,  concepts  to  be  investigated, 
records,  transforaations,  knowledge  claias,  value  claias, 
theory,  and  principles.    The  Vee  diagraa  was  associated  with 
the  assigned  readings  in  their  science  textbook.  The 
researchers  developed  the  science  experiaents  that  were  used 
in  this  investigation.    These  aaterials  were  developed  in 
accordance  with  the  topic  that  was  currently  being  studied  by 
the  third  graders.    The  tfiacher  was  instructed  on  the 
stratified  randoa  saapling  procedure.    She  was  then  asked  to 
aake  a  stratified  randoa  assignaent  of  her  students  by 
placing  thea  into  six  groups,  based  on  either  their  reading 
stanine  scores  or  (as  in  the  case  of  the  one  student  without 
a  test  score)  teacher  place^nt.    The  teacher  was  asked  to 
keep  a  daily  journal  recording  her  reflections  and 
intervention  with  the  students  as  a  whole  and  individually, 
she  also  kept  student  taped  interviews.    She  was  asked  to 
conduct  this  experiaent  using  her  teaching  style  and  tine 
constraints  as  part  of  her  noraal  preparation  and  classrooa 
procedure.    7n  this  study,  students  worked  in  groups  in 
preparing  their  individual  Vee  diagraa. 

For  this  study,  a  science  experiaent  investigating 
"sprouting  plants**  under  four  conditions  was  conducted.  All 
four  cdnditiotto  contained  liaa  beans  that  had  been  soaked 
overnight  in  water  and  then  wer^  placed  in  a  jar  suspended 
between  paper  toweling  a«id  the  inner  glass.   The  four 
conditions  were:    (1)  an  inch  of  water  at  the  bottoa  of  the 
Jar  with  wet  paper  toweling  with  the  top  opened;  (2)  an  inch 
of  water  at  the  bottoa  of  the  jar  with  wet  paper  toweling 
with  a  plastic  covering  so  that  air  could  not  get  in;  (3)  an 
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inch  of  wittr  it  th«  bottoM  of  the  Jir  with  wet  paper 
toweling  with  the  top  opened  placed  in  a  dark  coBpartaent 
without  light;  and  (4)  no  wati^r  in  the  jar  with  dry  paper 
toweling  with  the  top  opened.    Students  kept  records  of  the 
events  over  a  six  day  period. 

The  records  and  performance  aeasures  aade  of  the 
educative  events  during  this  study  included  copies  of  student 
Vee  diegraas,  anecdotal  notes  Bade  by  the  teacher  and 
researchers,  and  audiotapes  and  transcriptions  of  students' 
interviews.    To  study  these  teacher/student  relationships, 
NcDcrBott*s  (1977)  anthropological  definition  of  ethnography 
was  used.    In  this  context,  ethnography  is  defined  as  **any 
rigorous  attoapt  to  account  for  people's  behavior  in  teras  of 
their  relations  with  those  around  thea  la  differing 
situations.**  (p.  200).    Within  this  definition  we  included 
the  gathering  of  thoughts  that  were  generated  as  a  result  of 
these  social  interactions.    How  social  interactions  in 
classrooB  settings  affect  conceptual  learning  is  a  sajor 
thrust  of  this  report. 

The  records  were  suaaarized  and  transforaed  through  an 
analysis  of  the  teaching,  learning,  curriculua,  and 
governance  coaponents  proposed  by  Cowin  (1981).  Scoring 
procedures  followed  the  protocol  suggested  by  Novak  and  (rowin 
(1984,  pp.  70-72).    Vee  diagraas  were  scored  on  a  quality 
point  scale  (0-4)  with  a  aajciaua  score  being  18  using  the 
following  criteria  (point  values  in  parentheses  for  each  of 
the  categories):    focus  question  (0-3),  objects/events  (0-3), 
theory,  principles,  and  concepts  (0-4) , records/ 
transforaatioBs  (0-4) #  and  knowledge  claias  (0-4). 

An  exaaple  of  a  Tee  diagraa  constructed  by  a  third  grade 
student  is  shown  in  Figure  2.    Circled  nuaber  represent 
points  assigned  to  each  category  with  a  aaxiaua  score  of  18. 

Kesults  and  Conclusions 
Vee  diagraas  constructed  by  the  students  were  collected 
for  the  designated  science  experiaent  and  scored  by  the 


Figure  2. 

Example  o-f  &  scored  Vee  digrairi  preoared  by  a  third 
grade  student. 

Experinmeio^  cfr 
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rtsttrchtrt  (inttrrtter  reliability  .96/  using  the  scoring 
procedures  described  above.   All  scores  were  in  a  range  of  11 
to  H  (aaxiaua  score  18)*    Descriptive  data  indicated  tbat 
all  students  were  successful  in  using  the  Vee.   The  frequency 
distribution  and  percentage  of  raw  scores  are  presented  in 
Table  1. 


Table  1«    Prefuency  distribution  and  percentage  of  total 
individual  raw  scores. 


Raw  Scor* 

£  * 

(n*=28) 

% 

11 

2 

61 

13 

11 

72 

14 

9 

77 

15 

S 

83 

1« 

1 

88 

Tbere  was  no  differentiated  effect  according  to  ability 
level*    Total  scores  for  stanines  4,  5,  and  6  were  164; 
stanines  7,  8,  and  9  totaled  207.    Mean  scores  were  13.7  and 
13.8  respectively  (see  Table  2). 


Table 


2«    Total  individual  raw  score «  frequency  distribution, 
and  percentages  according  to  average  and  high 
reading  coaprehension  stani&e  scores 


Stanine 
Score 


average 
4 
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Raw 
Score 


13 
14 
13 
15 
16 
11 
14 


(n«27) 


3 
2 
2 
2 
1 
1 
1 


72 
77 
72 
83 
88 
61 
77 


Hiflb 


7 

13 

4 

72 

14 

1 

77 

IS 

1 

83 

8 

14 

3 

77 

IS 

1 

83 

9 

13 

2 

72 

14 

2 

77 

IS 

1 

83 

Anecdotal  records  indicated  that  learning  strategies 
that  require  comprehending  subject  Batter  deiands 
concentrated  study,  but  suggest  aost  students  recognize  and 
value  understanding  over  rote  learning.    All  students  were 
able  to  complete  the  designated  component  parts  of  the  Vee 
with  success* 

Student  interviews  indicated  that  Vee  diagraas  helped 
thea  to  understand  what  was  taking  place  in  the  experiment  by 
keeping  records  of  the  events.    Students  indicated  that  they 
found  Baking  charts  of  the  records  and  concept  laps  of  the 
results  of  the  experimental  helpful  in  understanding  the  idea 
of  "sprouting  seeds 

Vhen  Vees  were  individually  analyzed  by  group,  they 
reveale4  couonality  associated  with  a  particular  group. 
Students  in  the  saM  group  tended  to  confora  when  aaking 
their  Vees.    This  seeas  to  suggest  that  social  and 
coMJiunicative  interaction  during  the  educative  event 
contributed  to  different  constructions  of  knowledge  achieved 
through  negotiation.   This  depended  upon  the  respective  group 
interaction  (see  Table  3). 
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Table  3.    Total  individual  raw  scores,  percentages,  and 

staoine  scores  by  group.  Mean  score  of  each  group 
in  parentheses. 


Subjects  Stanine  Raw 

(n«28)  Score  score 


Group  1 

(12.2) 

1 
2 
3 
4 

5 

7 

# 

7 

1 

11 

1 J 

13 
13 
11 

61 

72 
72 
61 

Group  2 

(14.0) 

€ 
7 
8 
9 

10 

8 
5 

9 
9 
5 

li 

j|,4 

14 

il 

77 

77 

77 
77 
77 

Group  3 

(15.2) 

11 
12 
13 

it 

9 

s 

5 

1 

15 
IS 

il 
il 

83 

83 
88 
83 

Group  4 

(13.6) 

16 
17 
18 
19 
20 

9 
7 
7 
8 
4 

14 

ij 

14 

13 

77 
77 
72 
77 
72 

GrouB  B 

21 
22 
23 
24 

9 
9 
4 
5 

il 
il 

72 
72 
72 
72 

Group  6 

(13.7)  • 

n 

27 
28 

7 
7 
6 
4 

15 

ii 

13 

83 
72 
77 
72 

One  vay  JUIOVAs  to  determine  differential  effects  across 
groups  revealed  that  the  aean  score  of  Group  3  was 
significantly  different  froa  the  other  five  groups, 
E(5,  21)  «  10.^,  £  <  .001.    A  pose  hoc  analysis  using  the 
NewBan-Keuls  test  showed  that  Groups  2,  i,  and  6  were 
significantly  different  froa  Group  1,  £  <  .05.    It  is 
interesting  to  note  the  aake-up  of  students  and  their  stanine 
scores  for  Group  3.    The  student  with  a  stanine  of  5  had  a 
higher  raw  score  than  the  two  with  8  and  9  stanines.  Vhen 
analyzing  stanine  scores  and  raw  scores  within  groups, 
students  with  higher  .stanines  did  not  necessarily  have  higher 
raw  scores  than  those  students  with  lower  stanines.  Overall, 
the  Vee  diagraas  tended  to  reflect  a  group  consensus. 

The  teacher  indicated  that  students  became  more 
interested  ia  the  experiment  and  were  able  to  discuss  the 
knowledge  clains  in  relation  to  their  focus  question  and 
events.    She  was  pleasantly  surprised  at  their  boing  able  to 
generalize  their  findings  into  value  clains  thai  varied 
depending  upon  the  group.    She  found  that  the  Vee  diagram 
provided  her  with  an  evaluation  instrunent  to  determine  how 
well  students  had  understood  and  were  able  to  relate  their 
findings  of  the  results.   This,  in  turn,  enabled  her  to 
provide  feedback  as  to  their  understanding  of  concepts  (e.g., 
sprout,  germimate)  through  a  visual  inspection  of  the  array 
of  relationships  among  the  concepts  that  pertained  to  the 
various  knowledge  structures  of  the  experiment. 

The  evaluative  effects  of  the  Vee  is  illustrated  by  the 
following  circumstance.    An  inspection  of  the  Vee's  showed 
that  57%  of  the  students  generated  knowledge  claims  that 
related  to  their  principles  and  not  to  thoir  records  (i.e., 
pli^nts  need  air  to  grow,  but  they  grew  even  when  they  dida*t 
have  air).    Cm  the  surface  there  seemed  to  be  a  discrepancy 
between  these  two  items.    However,  an  interview  with  the 
teacher  showed  that  th-^  plastic  cover:lng  on  the  jar  was  not 
air  tight.    In  fact,  it  fitted  loosely.    She  reported  that 
this  portion  of  the  experiment  was  repeated  and  that  these 


students  then  understood  that  air  iras  needed  for  the  seeds  to 
sprout  thereby  clirifyina  tb^ir  aisconceptions  tind  accounting 
for  their  aotation  under  principles. 

Both  the  students  and  the  teacher  felt  that  Vee 
diagraas  aidad  conceptual  understanding  of  the  processes  and 
products  of  the  experiment.    They  felt  that  aore  was 
accoaplished  by  going  beyond  the  traditional  "writing  down 
the  facts'*  (records)  by  charting  the  data,  aaking  knowledge 
claiaSr  dereloping  a  theory  and  stating  a  principle.  They 
found  this  lesson  to  be  interesting,  challenging  and 
exciting. 

Conclusions 

In  this  preliminary  study,  Vee  diagraas  seea  to  be  a 
viable  tool  in  learning  about  the  structure  of  knowledge  and 
the  processes  of  knowledge  production  (aetaknowledge) •  They 
enabled  third-grade  learners  to  delve  into  a  piece  of 
knowledge  and  coae  away  with  a  deeper  understanding  of  how 
knowledge  is  constructed  by  showing  how  the  concepts, 
ewents/objects,  and  records  of  the  events/objects  are 
interaingled  when  atteapting  to  create  new  knowledge. 

These  third  graders  were  able  to  learn  concepts 
associatod  with  the  science  experiaent.    They  were  ablo  to 
relate  and  complete  the  designated  coaponents  of  the  Vee  with 
success  and  understandiag.    These  science  concepts  were 
learned  in  a  Meaningful  rather  than  a  rote  aanner.  Students 
were  able  to  discuss' these  concepts  in  aeaningful  contexts 
with  each  other  and  with  the  teacher.    They  were  able  to  aake 
connections,  structure  their  knowledge,  and  create  aeaning. 

Students  were  free  to  express  their  eaotions  and 
thoughts,  aaka  predictions,  and  raise  questions.    The  teacher 
also  becaae  an  active  learner  and  observer  as  well  as  a 
partner  in  the  experience.    She  learned  (a)  about  two  aethods 
(coacept  aaps  and  Vee  diagraas)  that  help  students  learn  new 
inforaation  in  a  aeaningful  aanner;  (b)  that  she  was  able  to 
incorporate  these  aethods  into  her  array  of  teaching 
"Tactices;  and  (c)  during  the  process,  how  to  plan  and 


collect  data  for  the  study  of  student  learning.  In  essence, 
she  becaae  the  researcher  for  her  class. 

There  seeaed  to  be  no  difference  in  constructing  Vee 
diagraas  between  the  average  and  high  reading  ability 
students.    However,  this  task  required  aore  record  keeping 
and  problea  solving  of  the  events  that  were  taking  place  than 
it  did  reading  and  therefore  was  not  necessarily  based  on  how 
well  a  student  could  read.    Even  though  goae  students  were 
randealy  interviewed  prior  to  the  experiaent  by  the  teacher 
concerning  their  knowledge  about  sprouting  seads,  it  aay  be 
that  prior  knowledge  and/or  background  experiences  froa 
students  not  interviewed  accounted  for  differing  scores 
within  and  across  groups.    Overall,  the  Vee  diagraas  tended 
to  represent  a  group  consensus  suggesting  social  interactions 
aaong  students  resulting  in  negotiation  in  their 
construction. 

Vees  act  as  an  evaluation  instruaent  for  both  the 
teacher  and  the  student  in  deteraining  how  well  ideas  are 
represented  aaong  the  coaponent  parts  of  the  Vee  diagraa.  As 
shown  in  this  study,  the  sharing  of  aeaning  of  the 
educational  experiences  between  peers  and  the  teacher  helped 
in  resolving  conflict  and  uncertainty  in  resolving  the 
discrepancy  between  those  students  who  foraulated  principles 
based  on  inaccurate  knowledge  claias.    The  teacher  was  able 
to  read  the  Vee  and  rectify  aisconceptions  that  caused  the 
students  difficulty  in  organising  and  relating  ideas  on  the 
Vee.    Together,  the  teacher  and  the  student,  were  able  to 
resolve  uacertainties  or  aisunderstandings  and  aake  the 
educative  event  a  aeaningful  learning  experience. 
Responaibility  for  learning  science  concepts  took  on  a  new 
diaension  through  the  use  of  Vee  diagraas. 

The  use  of  Vee  diagraas  needs  to  be  tested  for  their 
generalizability  and  independent  use  with  this  population. 
Studies  with  this  population  need  to  be  conducted  to 
deteraine  how  well  students  are  able  to  generate  Vee  diagraas 
individually  aad  with  peers.    Specifically,  it  needs  to  be 
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dtterained:    (1)  how  well  students  ire  able  to  recognize  what 
events  or  objects  they  are  observing;  (2)  to  what  extent  do 
they  sake  use  of  tbeir  prior  knowledge  in  relation  to  these 
events  and  ebjects;  (3)  how  decisions  are  aade  to  decide  what 
records  need  to  be  aade;  and  (4)  the  processes  that  are  used 
in  t.oraulating  focun  questions  that  direct  the  inquiry  based 
on  the  events/objects  to  be  studied* 

The  focus  question (s)  elicits  reflective  thought  and 
inquiry  on  the  part  of  the  students.    Students  are  aade  to 
think  about  what  they  already  know  about  the  topic,    it  gives 
thea  direction  to  find  out  what  they  don't  know  and  what  they 
have  to  do  to  understand  (in  this  particular  experiaent)  the 
conditions  under  which  liaa  beans  sprout.    It  is  through  this 
focus  question (s)  that  events/objects ,  records , 
transforaationsr  and  knowledge  claias  develop  and  new 
knowledge  ?s  learned. 

Vee  diagraaaing  is  a  way  to  help  students  and  teachers 
penetrate  the  structure  of  aeaning  of  knowledge  they  seek  to 
understand.    Being  able  to  get  the  right  answer  is  sufficient 
in  aany  school  evaluations  upon  which  grades  are  based,  and 
too  otten  only  rote  recall  is  needed  to  answer  questions. 
Teachers  when  versed  in  Vee  diagraaaing  seea  to  be  receptive 
to  this  learning  strategy  in  order  to  acnieve  aeaningfully 
rather  than  rote  verbatia  learning,  and  see  this  strategy  as 
an  independent  learning  aid  to  be  used  by  the  learner.  A 
link  between  learoing  theory  and  teaching  can  be  aade  through 
the  use  of  Vee  diagraas.    Vateraan  (1982)  suggests  that  a 
conceptual  change  approach  to  teaching  should  include 
explicit  ways  for  students  to  becoae  aware  of  their  own 
beliefs  and  to  com  to  understand  the  nature  and  construction 
of  knowledge.    This  investigation  lends  credence  to  such  an 
observation. 


41 


Refertaces 

Ault,  C.  R.-  Novak,  J.  D.,  &  Cowin,  D.  B.  (1984). 

Constructing  Vee  aaps  for. clinical  interviews  on  aolecule 
concepts.    Science  Education.  68,  441-463. 

Ault,  C.  R.,  iovak,  J.  D.,  C  Gowin,  D.  B.  (1986). 
Constructing  Vee  aans  for  clinical  interviews  on  energy 

concept.  Hanuscript  SUbMlttftd  mr  piih^irarinn   

Attsubel*  D.  F.    (1963).    The  psychology  of  aeaningful  verbal 
learning.    New  York:  Grune  and  stration.   

Ausubel,  D.  P.    (19W) .    Educational  psychology:    A  cognitive 
view.    New  York:  lolt,  Kinehart  and^winstonV  ^  

Ausubel., D.  P.,  Novak,  J.  D.,  &  Hanesian,  H.  (1978). 
wt?^ug??^  psychology:    A  cognitive  view,  2nd  ed..  New 
Yorx:  noiz,  Kinenart  and  Winston. 

^^^SI?'..^!  h  ^^^^'^V*  .Perception,  theory  and  coaaitaent: 
Philosophy  of  science,    cnicago,  il:  nnivargity 
01  cnicago  press. 

Chen,  H.  H.    (1980).    Relevance  of  Gowin 's  structure  of 
knowledge  an  Ausubel  s  learning  theory  to  aethods  for 
laprovxng  ppvsics  laporatorv  instructing,  unpublished 
aaster-s  thesis,  Cornell  University,  Ithaca,  New  York. 

Gowin,  p.  B.,  (1970).    The  structure  of  knowledge. 
Educational  Theory.  20,  319-328.  *u«wxcuwc. 

5*.  Educating.    Ithaca,  New  York: 

Cornell  University  PressT 

Gowin,  D.  B.    (1986,  March).    Reading  and  writing:  Concept 
aaps  and  Vee  diagraas.    Paper  presented  at  the  center  of 
pcelience.  Basic  mils  for  the  Disadvantaged,  Second 
Annual  Visiting  Scholars  Conference,  Nashville 
Tennessee 

Gowin.  D..B.    (1986,  June).    Episteaic  eleaents  in 
evaluation  research:    Proposals  for  ianroving  research 
and  policy  recoaaenaations  tor  services  to  handicapped 
youtn.    A  paper  prepared  for  Professor  Robert  stake; 
University  of  Illinois  Transition  Institute  Project. 

Gowin,  D.  B.  (Speaker)  (1986).    Reading  and  writing; 
Concept  aaps  and  Vee  diagraas.    ?L'asgAttS  icArnriling^ . 
Nasnyiiie.  Tennessee:  center, of  Excellence,  Basic  Skills 
for  tne  Disadvantaged,  Visiting  Scholars  Conference. 

Gurley.  L.  I.    (1982).    Use  of  Gowin 's  Vee  and  concept 
aapping  strategies  to  teacFsludents  responsibility  for 
learning  ;n  man  scnool  biological  science's: — Unpunlisbed 
aoccorai  aisiertation,  Cornell  university,  Ithaca,  New 
zorx* 

Kuhn,  T.  S.    (1962).    The  structure  of  scientific 
revolutions.    In  International  Encyclopedia  of  Unified 
Sciences.  2nd  ed.,  cbicigo:  University  of  Chicago  Press. 

Leahy,  R.  M.    (1986).    Using  a  theory  of  educating  to 
enhance  students'  autonoav  and  autnenticitv.  uppublighfld 
aoctorai  aissertation,  Cornell  University,  Ithaca,  New 
York. 

Mc.'.eraott,  R.  ?     (1977).    Soc  ^    relations  as  contexts  for 
learning  in  school.    Harvard  i&ducational  Review.  47,  198- 

42 


Movak,  J.  B.^  &  Gowin,  D.  B.    (1984).    Leynina  how  to 
leara.   Mm  Tork:  Cirtridge  Uniwiity  Preii. 

NoTik,  J.  D.,  k  Qowin,  D.  B.,  &  Johansen,  G.  T.  (1983). 
Tilt  ttst  of  concapt  Bapping  and  knowledae  Vea  Bappma  with 

iunior  high  school  acianca  students.    Science  Kaucation> 
_2,  625-645.   

Tavlor^  M.  R.    (1985).   Changing  the  aeaning  of  experience: 
gfpowerina  learners  through  the  use  oi  concept  aapSf  vee 
aiaoraMS^_ana  principxes  01  education  in  a  Dioioav  lap 
course. unpudlisnea  doctoral  aissertation,  Cornell 
university »  Ithaca,  New  York. 

TouliiHr  S.    (1972) •    Huyap  understanding.  Vol.  1,  The 
collective  use  and  evolution  oi  concepts^    Princeton,  KJ: 
Princeton  university  press. 

Veteman,       A.    (1982).    College  biology  students'  beliefs 
abottt  scientific  knowledge;    Foundations  tor  stuoy  oT" 
episteMoiogical  coMitnents  m  conceptual  caange. 
unpunilsnea  doctoral  dissertation,  Cornell  university, 
Ithaca,  New  York. 


ERLC 


43 


JUSTIFICATIONS  OF  ANSWERS  TO  MULTIPLE  CHOICE  ITEMS  AS  A 
MEANS  FOR  IDENTIFYING  MISCONCEPTIONS 


R.  Amir,  D.R.  Frankl,  P.  Tamir 
Israel  Science  Teaching  Center,  Hebrew  University  of  Jerusalem 

INTRODUCTION 

In  recent  yer.rs  there  has  been  a  growing  interest  in 
misconceptions  which  are  prevalent  among  students.    A  wide 
acknowledgement  exists  that  misconceptions:    (a)  are  quite 
widespread  among  students  in  many  subject  areas  of  science;  (b) 
are  very  persistent  and  difficult  to  change  or  replace;  (c) 
affect  subsequent  learning  (Smith  and  Lott,  1983;  Nussbaum  and 
Novick,  1982). 

Various  means  and  methods  are  described  ia  the  literature 
for  identifying  misconceptions.    By  far  the  most  widely  used  ic 
the  clinical  interview  (Gilbert,  Osborne  and  Fensham,  1982, 
N'ussbaum,  1979).    This  method  has  the  advantage  of  providing 
excellent  in-depth  information  about  the  student's  conceptions. 
However,  it  has  some  serious  drawbacks:    (a)  it  is  time  and  labor 
intensive  and  thus  difficult  to  apply  to  large  numbers  of 
students;  (b)  the  potential  for  generalizing  the  findings  to 
large  groups  of  students  is  rather  limited. 

Attempts  >ave  beer:  mede  to  use  paper  and  pencil  tests  in 
order  to  collect  data  ftcn  more  students  than  r^n  be  reached 
t^      '^h  cli:i1c'"»l  interviews.    In  son.e  cases  these  instruments  were 
I  finft*  .;^s  frcm  a  limited  nacQjer  of  inter\iews.  Such 

vere  lef-orted  by  Bell  (1985),  Wanderaee  (1983),  Arnold 
an     impson  ,1982),  Barker  (1985),  Brumby  (1979),  Simpson  and 
Arnold  (1980). 

Two  types  oi  q'jestion  formats  were  used  in  these  studies, 
open-enHed  short  es«-«\y  and  multiple  choice.    Combinations  of 
formats  were  used  by  ^-iimby  (1979).    In  her  study,  the  seme  item 
was  presented  to  the  students  twice:    first  as  an  open-ended  and 


then  as  a  multiple  choice.    Differences  between  the  responses  to  15 
the  two  formats  were  not  reported.    Wanderse-?  ('  983)  added  a 
requirement  for  additional  explanation  on  some  of  the  items  on 
the  Photosynthesis  Concept  Test  (PCT).    A  partial  analysis  of  the 
written  explanations  is  reported  and  a  selection  of  explanations 
is  cited.    Staver  (1986)  also  used  combination  items:  completion 
+  multiple  choice  +  justification  and  completion  +  essay. 
Achievement  on  the  reasoning  task  given  to  the  students  was  found 
to  be  affected  by  the  item  format  only  on  unfamiliar  or 
complicated  tasks.    Treagust  and  Haslam  (1986)  and  Peterson, 
Treagust  and  Garnett  (1986)  followed  Tobin  and  Capie  (1981)  and 
designed  two-tier  items  in  the  explicit  purpose  of  identifying 
misconceptions.    The  first  tier  consists  of  a  multiple  choice 
item  and  the  second  contains  four  possible  justifications  for 
choices  of  the  first  tier.    The  student  has  a  double  task:  first 
he  has  to  choose  the  correct  answer  among  the  2-4  choices  of  the 
fiist  tier  and  then  he  has  to  choose  a  justification  to  support 
his  choice.    From  the  examples  brought  by  Treagust  ana  Haslam 
(1986)  it  can  be  seen  that  formulatinp  "•'ustif ications  which  might 
iupport  all  the  options  of  the  first  tier  is  not  always  easy.  In 
some  cases  the  choice  on  the  first  tier  channels  the  student  to  a 
certain  response  on  the  second  tier  and  not  to  others.    The  end 
result  of  such  a  situation  is  that  no  additional  insight  into  the 
thinking  of  the  student  has  been  achieved. 

We  would  like  to  report  a  novel  approach  to  the 
identification  of  misconceptions  among  large  groups  of  students. 
For  some  years  now,  students  who  take  the  biology  matriculation 
(Bagrut)  exam  at  the  end  of  year  12  are  required  to  give 
justifications  to  the  choices  made  on  selected  multiple  choice 
itftras.    The  ? terns  selected  for  this  task  are  of  high  cognitive 
level  (compreneiu-ion  and  above). 

The  justita.'-.atioiis  given  by  the  students  were  in  the  form  of 
short  answers  usu»  lly  2-3  sentences  long.    The  achievement 
results  for  tho  year  1985  (N-2405)  indicated  that  the  mean  score 
on  the  justifications  task  was  about  17  percentage  points  (more 


16    than  full  standard  deviation)  lower  than  the  mean  multiple  choice 
score. 

In  this  study  the  justifications  were  analyzed  for  the 
purpose  of  uncovering  misconceptions  of  che  students.  The 
following  questions  were  studied: 

1.  What  is  the  effectiveness  of  ju.*tif ications  for  multiple 
choice  items  as  a  means  for  identification  of 
misconceptions? 

2.  What  are  the  prevalent  misconceptions  related  to  the 
different  subject  areas? 

The  subject  areas  dealt  with  in  the  items  analyzed  in  this  study 
were  also  touched  upon  in  investigations  by  other  groups  as  well 
as  by  us: 

Osmosis:  Friedler,  Amir  and  Tamir  (1986),  Arnold  and 

Simpson  (1982),  Murray  (1983). 

Genetics:  Stewart  (1982),  Hackling  and  Treagust  (1984), 

Longden  ('<582),  Tolman  (1982). 

Aspects  of  Plant  Nutrition:    Smith  and  Anderson  (198/),  Simpson 
and  Arnold  (1980),  Wandersee  (1983),  Bell  (1985), 
Stavi  et  al  (1987). 

As  we  describe  the  fini  mgs  of  our  study  we  shall  refer  to  some 
of  the  studies  mentioned  above. 

METHOD 

Sample 

The  sample  comprised  of  354  students  from  18  schools,  out  of 
2405  students  who  took  the  matriculation  exam*  in  1985.  Schools 
were  selected  according  to  their  students*  achievement  in  the 
multiple  choice  section  of  the  exam  in  past  years.  The 
stratified  sample  thus  consisted  of  students  from  4  low  achieving 


*    This  group  took  the  lower  level  (2-3  points)  exam. 

ERIC  46 


schools  (nean  score    65,  n=91),  6  average  achieving  schools  (mean 
score  66-75,  n=108)  and  5  above  average  achieving  schools  (mean 
score     76,  n*97).    For  3  schools  (ri=58)  achievement  data  for 
1985  was  not  available. 

Procedure 

Four  items  were  selected  for  the  justifications  tasks.  For 
each  Item  we  constructed  a  key  for  the  analysis  of 
justifications.    The  construction  of  the  key  included  the 
following  steps: 

1.  Free  reading  of  justifications  to  obtain  a  general 
impression. 

2.  Defining  aspects  for  the  justifications  for  each  item. 

3.  Establishing  levels  in  each  aspect.    These  levels  ranged 
from  "not  mentioned"  to  "correct."    The  intermediate  levels 
were  assigned  to  partial  answers  or  specific  misconceptions. 


RESULTS  AND  DISCUSSION 

Results  for  each  item  are  described  and  discussed 
separately,    li/herever  an  example  of  a  student's  justification  is 
cited  an  attempt  has  been  made  to  preserve  the  student's  actual 
wording  while  translating  his  justification  into  English.  The 
Results  for  each  item  are  given  in  tables  which  comprise  two 
parts:    Part  A  gives  the  distribution  of  responses  to  the 
multiple  choice  item  and  Part  B  gives  the  results  of  the  analysis 
of  the  justifications,  for  all  the  respondents  and  for  selected 
groups  of  students. 

ITEM  1_ 

Item  1  (Table  1)  deals  with  Mendalian  genetics  -transmission 
of  sex  linked  gene  from  parent  to  offspring. 

Genetics  is  a  subject  which  is  taught  in  several  grade 
levals  throughout  high  school.    L-*ng4en  (1982)  identifies  three 
"areas  of  concern"  related  to  the  »ludy  of  genetics  in  high 
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school:    (a)  genes,  alleles,  chromatids  and  chromosomes;  (b) 
replication  of  DNA  and  miosis;  (c)  symbolic  representation  and 
mathematical  bias.    Replication  of  DNA  and  miosis  seems  to  be  a 
major  obstacle  in  understanding  inheritance  as  found  also  by 
Stewart  (1982),  Tolman  (1982)  and  Hackling  and  Treagust  (1984). 
Tolman  (1982)  states  that  "students  can  explain  with  relative 
ease  the  parental  source  of  the  X  and  the  Y  chromosomes."  Our 
re:5u:.ts,  however,  point  to  the  existenc2  of  difficulties  in  this 
area  which  might  stem  from  misunderstanding  of  the  segregation  of 
chromosomes  during  miosis. 

Results  of  the  choices  which  were  made  by  the  students  on 
the  multiple  choice  item  show  that  78%  of  the  students  chose  the 
best  answer  (option  1).    Sixteen  percent  chose  options  2  and  4. 
These  students  probably  think  that  genes  cannot  pass  from 
grandparents  to  grandchildren.  Examples: 

*  "A  gene  on  X  chromosome  cannot  pass  to  his 
grandchildren  since  the  male  can  contribute  genes  on  a 
chromospnie  to  his  sons  and  daughters  but  not  to  his 
grandchildren,  because  the  genes  on  the  chromosome  of 
the  grandchild  will  be  determined  by  his  own  parents 
and  not  by  his  grandfather." 

Six  percent  of  the  students  chose  option  3.    These  students 
probably  think  that  *  he  X  chromosome  is  not  transmitted  from 
mother  to  daughter  or  confuse  the  X  and  the  Y  chromosomes: 

*  "Only  the  male  has  ^n  X  chromosome,  that  is  whv  the 
gene  cannot  pass  irom  the  female  to  her  daughters. 
The  female  has  Y  chromosomes. 

The  analysis  of  justifications  revealed  two  aspects: 
A:     Which  types  of  gametes  are  passed  on  from  the  male  to 
his  offspring. 

B:     Which  types  of  gametes  are  passed  on  from  the  female  to 
her  offspring. 


A  full  correct  justification  to  the  best  answer  had  to  refer 
only  to  the  fact  that  all  male  offsprings  receive  from  their 
fathers  a  gamete  which  includes  a  Y  chromosome  and  not  an  X 
chromosome  (Aspect  A).    As  can  be  seen  from  Table  1,  60%  of  those 
who  made  the  correct  choice  also  justified  their  choice 
correctly: 

*  ''Because  if  an  X  chromosome  is  transmitted  from  the 
father,  the  fetus  will  be  a  female  and  not  male.  If 
the  father  contributes  a  Y  chromosome  it  will  be  a 
male.    That  is  why  it  is  not  transmitted." 

*  "Because  the  fema.le  is  the  one  who  transfers  the  X 
chromosome  and  therefore  it  is  impossible  for  the  man 
to  transfer  this  chromosome." 

Thirty-two  percent  did  not  mention  the  type  of  gametes  at  all: 

*  "A  gene  on  the  X  chromosome  is  responsible  for  female 
heredity." 

Forty-four  percent  of  the  students  who  chose  the  best  answer 
also  included  in  their  justification  a  correct  statement 
regarding  the  female  sex  chromosomes  (Aspect  B). 

Even  more  interesting  are  the  justifications  of  those 
students  who  chose  options  2  or  4.    Ninety-four  percent  of  them 
either  did  not  refer  al  all  to  the  types  of  3amete3  which  are 
transmitted  or  refer  to  in  a  wrong  way.    Since  aspect  A  was 
essential  for  a  correct  justification  one  can  conclude  that  the 
problem  of  those  students  was  not  understanding  the  continuous 
transmission  of  genes  through  generations. 

It  can  be  concluded  that  although  a  large  proportion  of  the 
students  identified  the  best  answer,  their  understanding  is 
deficient.    They  fall  to  realize  what  is  the  mechanism  which  is 
responsible  for  the  pattern  of  inheritance  described  in  the  item 
(X  linked  traits  cannot  be  transmitted  from  father  to  son).  This 
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lack  of  understanding  could  only  be  revealed  through  the  analysis 
of  the  justifications. 

ITEM  2 

Item  2  (Table  2)  dealt  with  plant  growth  and  development. 
Specifically  it  required  from  the  student  to  show  understanding 
of  the  role  of  photosynthesis  and  so.l  in  production  of  organic 
matter. 

The  analysis  of  the  justifications  for  item  2  revealed  three 
aspects: 

A.  Photosynthesis  as  a  process  utilizing  CO  . 

B.  Materials  absorbed  from  the  soil. 

C.  Sources  of  added  organic  matter  in  the  wheat  plant. 

In  each  justification,  usually  more  than  one  category  was 
mentioned.    Table  2  gives  the  response  distribution  to  the  four 
options  and  the  distribution  among  the  aspects.    Aspects  \  and  C 
were  considered  to  be  essential  for  a  correct  justification. 

From  Che  r^-••^^g  shown  in  Table  2  (Part  A)  it  can  be  seen 
that  the  choices  students  make  on  multiple  choice  items  can,  by 
themselves,  reveal  misconceptions.    Inspection  of  options  2,  3 
and  4  show  that  all  include  "wafer  and  minerals"  but  differ  on 
whether  an  additional  substance  should  be  CO^,  oxygen  or  organic 
compounds.    The  results  show  that  22%  of  the  students  believe 
that  organic  compounds  in  the  soil  are  the  source  of  organic 
matter.    This  misconception  vas  found  and  discussed  in  many 
studies  from  all  around  the  world  and  across  age  levels  (Simpson 
and  Arnold,  1980;  Wandersee,  1983;  Bell,  1985;  Smith  and 
Anderson,  1984).    Another  13%  of  the  students  view  oxygen  as  the 
main  contributor  of  additional  matter. 

Analysis  of  the  justifications  (Table  3,  Part  B)  however, 
provides  us  with  a  better  insight  into  the  way  students  think 
about  plant  growth.    A  quarter  of  the  students  who  chose  the 
correct  answer  (option  3),  could  not  adequately  relate  It  to 


photosynthesis  (Aspect  A)  as  evidencad  by  the  following  examples; 

*  "Plants  take  in  CO^  and  release  Plants  need  water  and 
food  to  grow.    Water  they  get  from  the  soil  and  the  minerals 
are  their  food." 

*  "The  plant  needs  sources  of  food  and  drink  which  are  the 
minerals  and    the    water,  which  are  absorbed  from  the  soil. 
The  plant  also  needs         for  breathing." 

Another  6%  mentioned  the  process  of  photosynthesis  but  in  a 
partial  or  wrong  way: 

*  "CO2  is  used  by  the  plant  for  breathing  and  for  performing 
better  photosynthesis." 

*  "CO2  is  absorbed  by  the  plants  as  they  respire  (breath^^  and 
is  used  to  produce  energy.    Wi^h  the  help  of  this  energy  the 
plant  makes  additional  mateiials  which  are  needed  for  the 
building  of  more  cells.    The  water  and  the  minerals  which 
are  absorbed  from  the  soil  are  the  plant's  food.    The  water 
is  broken  down  to  its  constituents  and  these  are  used 
together  with  the  minerals  to  make  new  cells  and  from  these, 
new  seeds  are  formed." 

Two  misconceptions  surface  in  the  justifications  under 
Aspect  A:    plants  breath  (respire)  CO^  and  plants  get  their  food 
from  the  soil.    One  might  assume  that  some  of  these  students 
guessed  the  correct  option,  and  some  do  not  have  a  full 
understanding  of  the  process.    The  lack  of  link  between  two 
concepts  (here:    plant  growth  and  Photosynthesis)  is  considered 
by  some  to  be  a  special  kind  of  misconception  (Fisher,  Lipson 
1986). 


A  coherent  justification,  which  reflects  full  understanding, 
had  to  refer  to  the  fact  that  both  photosynthesis  and  materials 
absorbed  from  the  soil  contribute  to  the  added  materials 


In  Hebrew  the  same  word  is  used  for  "breath"  and  for  "respire". 
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accumulated  during  the  plant's  life.    From  the  distribution  in 
Aspect  C  for  the  students  who  chose  the  best  answer  (option  3)  it 
can  be  seen  that  only  22%  of  them  established  this  link  in  their 
justifications: 

*  "In  the  process  of  photosynthesis  the  plant  used  these  raw 
materials  and  converted  them  into  organic  substances  which 
were  used  in  the  production  of  new  seeds." 

*  "The  main  sources  are  the  water,  minerals  and  CO^.  From 
these,  in  the  process  of  photosynthesis,  the  plant  makes 
organic  substances  which  build  it.    The  plant  grows  and 
produces  a  new  generation  -  new  seeds." 

18%  referred  to  photosynthesis  as  the  only  source  of  added 
organic  materials: 

*  "By  photosynthesis  the  plant  produces  organic  materials 
(starch)  which  is  accumulated  in  the  seeds." 

52%  of  the  students  did  not  mention  the  sources  of  organic 

matter  although  some  of  them  did  link  between  CO  and 

2 

photosynthesis  as  can  be  seen  from  the  following  examples: 

*  "The  plant  needs        and  water  for  photosynthesis.    It  also 
absorbs,  minerals  from  the  soilv" 

*  "The  seedling  needs  CO2  ior  photosynthesis  and  without  it 
the  seedling  cannot  reproduce." 

The  justifications  given  by  students  who  opted  for  no.  4 
reveal  a  very  persistent  and  well  documented  notion  about  the 
role  of  the  soil  in  plant  development.    Very  few  of  these 
students  (3%)  related  to  photosynthesis  in  their  justification 
(Aspect  A).    Most  (75%)  repeat  the  wrong  idea  that  plants  absorb 
organic  substances  from  the  soil  and  that  these  constitute  the 
main  source  of  added  organic  matter  (Aspects  B  and  C): 


20 

*  "The  seedlings  need  water,  minerals  and  organic  substances. 
COj  and  oxygen  are  also  important  but  t  are  not  a  source 
of  materials." 

*  "The  seedling  needs  minerals  for  food,  water  and  organic 
substances.  and  O2  are  also  Important  but  are  not  major 
sources  for  added  organic  matt<»r  as  opposed  to  minerals, 
water  and  organic  substances." 

A  typical  justification  given  by  a  student  who  chose  no.  2 
is  given  below: 

*  "The  seedling  needs  food  and  energy.    The  food  comes  from 
the  minerals  in  the  soil.    The  oxygen  is  used  for 
respiration." 

The  findings  pertaining  to  item  2  can  be  summarised  as  followed: 

1.  The  justifications  reveal  the  i  tsconception  that  "plants  get  the  food 
from  the  soil  in  the  form  of  organic  compounds."    Students  who  hold  this 
notion  are  very  consistent  in  using  it  to  explain  plant  growth. 

2.  Students  show  missing  links  m  their  knowledge  structure.    Some  do  not 
link  between  the  process  of  photosynthesis  and  the  production  of  organic 
materials.    Others,  still,  have  a  more  fundamental  missing  link:    they  do 
not  link  between  CO^  and  photosynthesis 

ITEM  3 

Item  3  (Table  3)  required  a  pr'     .cion  as  to  what  will  happen  to  an 
alga  cell  transferred  from  fresh  water  to  water  with  high  salt 
concentration.    The  process  which  takes  place  under  these  conditions  is 
plasnolysis  as  a  result  of  osmosis. 

Difficulties  in  understanding  osmosis  are  widely 
acknowlMged  and  are  thought  to  steu  from:    abstract  nature  of 
the  concept  (Arnold  and  Simpson,  1982),  dei-LCiency  in  knowledge 
of  chemistry  and  physics -(Johnstone  and  Mahraound,  1980), 
difficulty  in  applying  knowledge  (Arnold  and  Simpson,  1982), 
teleological  thinking  (Friedler,  Amir  and  Tamir,  1986)  and  from 
confusion  in  the  use  of  terms  such  aj  "water  potential"  and 
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"diffusion  pressure  deficit"  (Hutchinson  and  Sutcliffe»  1985; 
Gayford.  1984). 


Eighty-one  percent  of  the  students  chose  the  best  answer  in 
this  item.    Three  aspects  were  identified  in  the  justifications 
given  in  this  item,  and  subsequently  used  in  the  analysis  The 
aspects  and  the  distribution  of  students*  responses  are  given  in 
Table  3. 

A  coherent  justification  for  the  best  answer  should  have 
specified  the  difference  in  solute  concentration  between  cell  sap 
and  the  surrounding  solution  and  explain  the  direction  and  cause 
of  water  movement. 

Forty-one  percent  of  the  students  gave  a  correct  description 
of  solute  concentration  while  44%  refrained  from  doing  so 
altogether. 

In  agreement  with  previous  findings  (Friedler,  An.ir  and 
Tamirt  1986),  the  concept  of  "water  concentration"  is  not 
available  to  most  students,  an'*  only  25%  used  it  to  describe  the 
different  concentrations  (Aspect  B). 

The  source  of  many  of  the  difficulties  in  uiiderstending 
osmosis  stems  from  misconceptions  regarding  the  cause  of  water 
movement  from  one  side  of  the  membrane  to  the  other  side.  This 
can  clearl)  be  seen  from  the  distribution  in  Aspect  C.  Thirty 
percent  of  the  students  designated  the  "aspiration  to  equalize 
concentrations"  as  the  cause  of  water  movement.    This  type  of 
explanation  reflects  teleological  thinking: 

♦  "The  water  can  leave  the  cell  and  it  wants  to  equalize  the 
sweetness  and  saltiness  on  both  sides." 

♦  "Because  in  nature  there  exists  an  aspiration  to  equalize 
concentrations  and  therefore  water  moves  by  osmosis  from  a 
place  o£  lower  concentration  to  a  place  which  is  more 


concentrated." 


Among  those  students  who  gave  correct  causes  for  water 
movement  19%  said  that  concentration  or  pressure  gradient  was  the 
cause,  14%  identified  the  process  of  osmosis  and  13%  diffusion  as 
the  cause  for  water  movement: 

*  "Because  solute  concentration  in  the  outside  solution  is 
high  and  there  is  less  water  than  in  the  cell,  water  will 
move  from  higher  to  lower  concentration." 

*  "This  process  is  called  osmosis:    water  moves  from  a  dilute 
solution  to  a  more  concentrated  one  and  therefore  water  will 
get  out  the  algal  cell,  (which  has  a  dilute  solution)  and 
move  into  the  concentrated  solution  and  the  cell  will 
shrink." 

The  question  whetner  giving  such  answers  reflects  meaningful 
understanding  of  osmosis  cannot  be  answered  from  these  findings. 
The  diversity  of  explanations  (7)  found  in  students 
justifications  suggest! that  the  situation  is  indeed  complex. 

ITEM  4 

Item  4  dealt  t;ith  the  human  body's  response  to  the  injection 
of  egg  protein  directly  into  the  blood  system.    The  item  procures 
the  understanding  of  students  of  the  function  of  the  immune 
system. 

The  immune  system  is  studied  at  the  higher  grades  of  high 
school.  We  are  not  aware  of  any  research  which  has  focused  on 
understanding  of  immunity. 

Students'  justifications  addressed  the  following  aspe^js: 

A.  Egg  p  otein  is  a  "foreign"  protein. 

B.  The  immune  systam  reacts  to  any  "foreign"  (non-self) 
proteins  by  producing  antibodies. 

C.  The  body's  specific  reaction  towards  inject  of  egg  protein. 


D.     Cacse  and  effect  relationship  ia  the  body's  reaction. 


Although  it  was  possible  to  give  a  justification  by  adding: 
"because  egg  protein  is  a  foreign  protein,  when  injected  into  the 
blood  system,"  most  students  were  more  elaborate  in  their 
justifications  (oply  4  gave  this  concise  justification;. 

The  above  mentioned  aspects  as  well  as  the  choice,  made  by 
the  students,  on  the  multiple  choice  item,  were  used  to  identify 
misconceptions. 

All  those  students  who  chose  options  1,  2  or  4  (62%  of  total 
sample)  basically  held  the  same  notion:    injected  egg  protein  is 
not  a  foreign  substance.    This  idea  lead  most  of  them  (44%)  to 
predict  that  the  protein  will  be  digested  by  en^'^mes. 

Table  4  gives  tl^e  distribution  of  responses  to  the  four 
aspects,  for  the  whole  sample  and  for  those  who  chose  option  3 
(best  answer)  and  4  (misconception;. 

It  can  be  seen  that  category  A  enables  us  to  identify  3 
groups  of  students. 

I.  Those  who  Indicated  that  injected  egg  protein  is  foreign 
(34%).    Most  of  them  came  from  amongst  those  who  chose  the  best 
answer. 

II.  Those  who  indicated  that  injected  egg  protein  is  not  foreign 
(21%).  This  group  came  mainly  from  amongst  those  who  have  chosen 
option  2  and  option  4. 

III.  Those  who  did  not  mention  whether  or  not  the  injected 
protein  was  foreign.    This  group  came  ma-nly  fiom  amongst  the 
students  who  chose  ifftion  ^- 

Further  aniilysis  revealed  the  following  (Fig.  1): 
Group  I  shows  ^  coherent  and  consistent  line  of  thoughtj    most  of 
them  gave  correct  statements  in  both  aspects  B  and  C: 

iounune  system  can  distinguish  between  proteins  which  are  harmless 
food  from  proteins  which  are  not  food  (or  harmful). 

ERIC 


*  "As  soon  as  a  forsign  substances  is  injected  to  the  blood, 
antibodies  are  produced «>    Egg  protein  is  not  part  of  our 
body  and  therefore  it  is  foreign.    The  body  does  not 
distinguish  foreign  material  which  is  food  from  foreign 
material  which  is  not  food." 

Group  II  shows  the  existence  of  missing  link  in  their  knowledge 
structure;  on  tho  one  hand  they  know  that  egg  protein  is  digested 
by  enzymes.    Half  of  them  also  stated  that  antibodies  react 
against  forei£i  proteins.    Their  missing  link  is  in  understanding 
that  injected  proteins  lead  to  a  response  which  is  different  from 
the  response  to  "eaten"  protein.    They  hold  that  the  response  of 
the  body  is  determined  by  the  fact  that  egg  protein  is  "food,"  or 
by  the  fact  that  it  has  large  molecules  which  cannct  enter  the 
cells  unless  broken  down: 

*  "The  body  will  not  produce  antibodies  against  egg  protein 
because  it  is  harmless  food.    The  body  produces  antibodies 
only  against  anti^^ens  which  can  cause  illness." 

*  "(The  body  will  produce  enzymes)  in  order  to  digest  it. 
Antibodies  fight  only  bacteria  but  not  proteins." 

Group  III  which  comes  mainly  from  amongst  those  who  chose  option 
4  reveal  no  knowledge  about  the  immune  system.  Their 
justifications  include  repetition  of  the  option  itself,  and  a  few 
elaborations  explaining  the  function  of  enzymes: 

*  "Egg  protein  is  broken  down  into  amino  acids.    Each  amino 
acid  is  equal  to  three  nucleotide  bases.    The  breakdown  is 
done  by  enzymes  in  the  stomach  and  it  is  absorbed  in  the 
intestine.    Each  enzyme  has  its  specific  substrate." 

The  fir.uings  described  here  also  point  to  misconceptions 
regarding  the  function  of  two  distinct  systems:    the  immune 
system  and  the  digestive  system.    Thus  some  students  believe  that 
materials  can  be  digested  in  the  blood  system  and  others  that  the 


a.  o 
O  u 


z 

b3 
> 


Z 

o 
u 

s 

H 
O 

z 


< 


H  c 

U>  U  Z 

3  S  U 

»0  H  «-4 


Cb  O 

O  H 

H  O 

z  z 

H  Q 

z  oe 

o  o 

u  o 
o 

Cb  < 

o 

w 

Z  H 

0  z 

01  u 

o 

a  3 

<  H 
£ 

O  Cu 

O  O 


OS 


^  z 


a.  z 

o  z 

a  H 
o 
z 


3  U 
O  H 

o 
o 


21 

00 

o 

z 

11 

z 

u 

cu 

H 

o 

z 

g 

oc 

o 

u 

o 

QC 

o 

o 

&J 

«• 

in 

W 

Z 

U 

z 

OS 

< 

< 

CO 

< 

§ 

u 

o 

Q 

u 

mi 

O 

u 

O 

CO 

o 

U 

H 

s 

QC 

Z 

O 

< 

CO 

(A 

Z 

u 

z 

U 

< 

H 

to 

O 

CO 

< 

QC 

u 

a 

o 

u 

Z 

o 

o 

o 

m 

O 

u 

H 

o 

QC 

z 

QC 

o 

< 

cu 

Cu 

3 

JQ 


c 

<0 


z 

i 

a: 

> 

ca 

0O 

o 

o 

r» 

u 

CD 

H 

o 

W 

u 

U 

W 

H 

O 

U 

U 

£ 

U 

O 

> 

r) 

z 

W 

Z 

u 

z 

u 

§ 

a 

>« 

m 

o" 

«• 

{D 

o 

fN 

U 

Ok 

H 

o 

W 

b] 

U 

w 

H 

O 

U 

»-» 

£ 

U 

o 

r> 

z 

w 

z 

u 

W 

u 

z 

QC 

< 

< 

o 

«• 

o 

CO 

w 

< 

Ct] 

CO 

Ct] 

o 

o 

o 

Ct] 

Ct] 

z 

o 

u 

H 

CO 

U 

Ct] 

o 

Ct] 

H 

o 

r) 

O 

z 

QC 

z 

x 

< 

0* 

cu 

u 

jQ 


0) 

U 
0) 


3 

O 
0) 
jQ 


V}  GO 


W 

Ct]  .J 

o  u 

QC  Ct] 


U3 

o  o 

QC  U 


Ct]  Ct] 

u  QC  <: 

Cu    o  .J 


z 


«• 

o 

fN 

8 

< 

«r» 

Cu 

z 

W 

w 

Ct] 

»-» 

Ct] 

H 

z 

O 

U 

»-» 

QC 

Ct] 

Ct] 

Ot 

.J 

H 

o 

o 

o 

£ 

QC 

o 

Ct] 

O 

o 

CC 

o 

< 

Ct] 

o 

«• 

VD 

<N 

o 

z 

z 

o 

< 

Ct] 

CONCLUSIONS  AND  IMPLICATION 

The  results  presented  here  show  the  effectiveness  of 
justifications  to  multiple  choice  items  in  uncovering 
misconceptions  of  students.    They  also  point  to  the  gap  which 
sometimes  exists  between  the  degree  of  understanding  as  revealed 
by  the  choice  of  the  best  answer  and  the  understanding,  as 
exhibited  in  the  justifications  to  that  answer.  Carefully 
constructed  multiple  choice  items  are  by  themselves  efficient  in 
corroborating  our  knowledge  a'jout  existing  misconceptions,  like 
item  2  or  item  4.    Their  main  function  can  be  a  means  to 
determine  the  frequency  of  known  misconceptions  among  certain 
populations  of  students. 

The  contribution  of  the  justifications  is  two  r>ld: 

1.  Identifying  misconceptions,  missing  links  and  teleological 
thinking  among  students  who  are  successful  in  choosing  the 
best  answer. 

2.  Achieving  better  understanding  of  notions  held  by  students 
who  choose  the  distracrcrs,  and  identifying  their 
misconceptions. 

Thus  we  have  shown  that  although  a  large  group  of  students 
chose  the  correct  answer  in  item  1,  many  of  them  reveal 
misunderstandings  of  Mendel's  Laws.    A  similar  situation  existed 
among  the  students  who  chose  the  best  answer  in  item  2  as 
evidencelby  the  fact  that  about    V'i  of  them  did  not  mention  the 
process  of  photosynthesis. 

In  item  3  it  was  shown  that  students  had  suggested  many 
alternative  explanations  to  the  cause  of  water  movement.    Some  of 
these  explanations  were  correct,  others  were  incorrect.  However 
the  relative  frequency  of  each  could  not  be  deduced  just  from  the 
percentages  of  correct  answers,  which  was  relatively  high,  and 
the  analysis  of  justifications  contributed  significantly  to  our 
knowledge  on  this  issue. 


A  different  situation  was  discovered  in  the  justifications 
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xor  item  4.    Here  it  was  found  out  that  many  of  the  students  who 
had  chosen  incorrect  answers  did  so  because  their  knowledge  was 
only  partial.    They  did  possess  and  express  some  relevant  correct 
segments  of  knowledge  about  the  immune  system  but  could  not  apply 
it  correctly  to  a  somewhat  tricky  situation  -  egg  protein 
injected  into  the  blood. 

The  Justifications  given  by  students  who  had  chosen 
distractors  were  especially  revealing  as  regards  to 
misconceptions.    This  is  best  seen  in  the  justifications  for  item 
2f  option  4.    As  found  in  many  other  studies,  our  study  shows 
that  about  a  quarter  of  the  students  in  the  sample  hold  the 
notion  that  the  plant  gets  its  food  from  the  soil  and  use  this 
notion  in  a  very  consistent  manner. 

A  major  implication  of  our  study  relates  to  the  important 
contribution  that  Justifications  to  multiple  choice  items  can 
make.    A  requirement  to  Justify  select  multiple  choice  items  can 
be  of  great  help  to  the  teacher  in  learning  more  about  ti.j  actual 
depth  of  understanding  of  his/her  students  and  in  ur,covering 
the'^.r  misconceptions.    In  order  to  make  the  best  use  of  the 
potential  of  Justifications,  care  should  be  taken  in  selecting 
appropriate  multiple  choice  items  fcr  this  purpose.  One 
criterion  for  selecting  such  items  is  the  inclusion  of  known  or 
conjectured  misconceptions  as  distractors. 
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The  Effect  of  the  Testing  Format  on  the  Distribution  of  the  Results 


Varda  Bar 

THE  AMOS  DB-SHALIT  SCIENCE  l-EACHING  CENTRE  IN  ISRAEL 
Introduction 

This  problem  was  investigated  by  Staver  (1986),  in  this  paper  and 
in  view  of  his  earlier  results  (Staver,  1984;  ^taver  and  Pesiarella 
(1984),  he  states  that  the  influence  of  the  testing  is  only  marginally 
significant.    An  effect  was  found  only  in  problems  indicated  by  him  as 
difficult ♦    Staver  (1984)  studied  the  ability  of  the  participants  to 
apply  formal  logic  in  the  forms  of  proportional  thinking  anJ  variable 
controlling.    Concerning  operative  knowledge  (Lawson,  1982;  Lawson, 
1985)  it  can  be  assumed  that  when  the  child  reaches  the  stage  when  he 
is  able  to  solve  the  problem  correctly  using  his  own  logic,  he  can  do  it 
in  all  testing  conditions.    He  can  then  contradict  the  wrong  suggestions 
included  in  the  multichoice  test*    This  is  not  the  case  when  the 
qualitative  explanations  and  views  that  people  have  about  physical 
concepts  or  natural  phenomana  are  checked*    In  this  situation  the 
participant  is  not  sure  that  he  really  knows  the  right  answer*  In 
many  times  he  is  only  guessing*  The  situation  is  more  ambiguous,  as 
knowledge,  as  well  as  logic,  is  involved  in  choosing  the  right  answer. 
Thus  when  the  participant  is  confronted  with  the  diversions  o*"  th  ^ 
multichoice  test  he  can  be  tempted  to  prefer  the  choice  of  the  wrong 
answer.    Especially  if  the  wrong  diversion  contains  scientific 
terminology,  learned  but  not  fully  understood.    In  this  situation  the 
participants  cannot  reject  the  wrong  answer,  since  they  do  not  have 
enough  knowledge.  Thus,  in  the  studies  of  the  qualitative  •  iews  about 
nature  test  format  becomes  important,  and  might  have  a  significant 
effect  on  the  distribution  of  the  results* 

Ditierent  testing  methods  have  been  used  in  previous  research.  To 
enable  the  comparison  of  the  results  of  various  researches  to  each  other 
the  effect  of  the  testing  methods  should  be  checked. 

In  this  study  three  kinds  of  testing  methods  were  used.  An 
individual  oral  test,  a  multichoice  test  and  an  open  ended  written  test. 
Carrying  out  all  these  kinds  of  tests  enabled  us  to  perform  the  task  of 
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finding  out  the  effect  of  testing  f  rmat  on  the  distribution  of  the 
results.    The  subject  that  was  included  in  these  tests  was  children's 
ideas  concerning  boiling  and  evaporation. 

Method 

Design  and  tests 

This  investigation  was  carried  out  in  three  phases. 

Phase  One 

In  phase  one  the  oral  individual  testing  method  (Piaget,  1929; 
Piaget,  1972)  was  used.    This  method  is  the  only  one  considered  suitable 
for  testing  young  children,  up  to  the  age  of  nine  (Bar,  1987a;  Brainerd, 
1974)*    The  age  range  observed  during  this  phase  was  five  to  twelve 
years,  the  number  of  participants  was  eighty-three  (see  figure  1)  with 
equal  numbers  of  boys  and  girls.    The  participants  came  from  a  city  and 
are  of  a  middle*  class  background.    The  test  was  presented  in  the  form  of 
a  dialogue*    Each  participant  was  presented  with  boiling  wster  and  was 
asked  to  describe  his  observations.    Then  he/she  was  asked:    what  is  the 
vapour  made  of?    what  will  happen  to  the  quantity  of  water?    where  does 
the  vapour  corae  from?  and  can  vapour  bft  changed  again  into  water. 
Concerning  evaporation  they  were  asked  what  happens  to  water  that  was 
spilled  on  the  floor,  and  where  can  this  water  be  found. 

Phase  Two 

During  this  phase  five  multichoice  problems  were  presented  in  the 
following  order: 

1^.      Wet  laundry  was  hung  on  the  rope,  it  became  dry.    The  water: 

a.  Went  into  the  sun 

b.  Is  in  the  laundry 

c*     Changed  into  air  and  disappeared 
d.     Changed  into  hydrogen  and  oxygen 
e*     Changed  its  form  and  is  scattered  in  the  air 
2*     Water  was  spilled  on  the  floor,  the  floor  became  dry*    The  water: 
a*  Disappeared 
b.     Penetrated  the  floor 
c*      Is  scattered  in  the  air  of  the  room 
d*     Can  be  found  near  the  ceiling 


3*     Can  vapour  be  changed  into  water? 

a*     Yes,  since  vapour  Is  another  form  of  water 
b*     No,  water  Just  changed  xnlo  air  and  disappeared 
c*     Vapoui  wan  change  Into  water  cnly  In  the  clouds 
d*     This  happens  only  during  winter  when  It  rains 

4*     A  wet  saucer  was  left  on  the  table,  It  became  dry.    The  water  Is 
now: 

a*     In  the  saucer 

b*     Changed  Into  air  and  disappeared 
c»     Changed  Into  hydrogen  and  oxygen 
(i*     Just  changed  Its  fore:  and  scattered  into  the  air 
5,*     When  water  Is  boiled,  vapour  appears.    The  vapour  Is  made  of 
a*  Water 
b.  Air 
c*      Hot  air 
d*      Heat  and  water 
e.     Hydrogen  and  oxygen 

The  dlverslon^of  the  problems  were  taken  from  the  answers  collected 
during  phase  one,  and  earlier  Invesi  Rations.    Za'rour  (1976) 
i    ''stlgated  the  "drying  of  the  laundry"  and  Osbor*>e  and  Cosgrove  (1983) 
Investigated  the  "drying  of  the  saucer."    The  age  range  of  this  phase 
was  between  ten  ♦'o  fourteen.    Other  details  of  sWJple  and  population  are 
similar  to  those  of  phasf  s.-ye     The  numbers  of  participants  In  each  age 
group  Is  given  In  figure     *  to  5.    One  age  group  parti  ipated  In  phase 
one  as  well  as  In  phase  two,  thus  enabling  us  to  check  the  Influence  of 
the  test  format  on  the  r^-sults. 

Phase  Three 

Duilng  phase  three  the  same  problems  represented  at  the  same  order 
as  In  phase  two  were  presented,  but  In  an  open  ended  form.    The  age 
range  and  population  were  as  In  phase  two.    The  number  of  participants 
was  two  hundred  and  forty,  sixty  at  each  age  group.    Thus  we  were  abl^ 
to  check  if  the  differences  recordad  are  solely  due  to  the  difference 
between  the  open  and  closed  tests  or  that  they  may  be  due  to  effects  of 
the  a)  age  range  and  population,  b)  the  context  or  c)  the  difference 
between  an  oral  or  a  written  test. 


Results 
Phase  One 

The  results  of  phase  one  are  '   'en  In  fig.  1,  and  can  be  summed  up 
as  follows: 

The  understanding  of  boiling  precedes  this  of  evaporation  and 
condensation.    In  all  the  age  groups  examined,  during  phase  one,  about 
fifty  percent  or  jore  of  the  participants  said  that  when  water  is  boiled 
vapour  is  initiated,  this  vapour  is  made  of  water,  the  quantity  of  water 
is  reduced  and  the  vapour  is  coming  from  the  water  (figure  1,  B,  C,  D 
and  E). 

The  understanding  of  evaporation  and  condensation  as  a  function  of 
age  are  parallel  to  each  other  (fig.  1  A  and  F).    The  pt '■rentage  of 
correct  answers  for  these  items  reaches  60  at  most,  and  is  sma^'ler  than 
the  percentages  of  correct  answers  recorded  for  all  the  problems  of 
boiling  at  all  the  age  groups. 

Phase  Two 

In  this  phase  the  evaporation  problem  was  presented  through  three 
contexts.    The  distribution  of  the  results  concerning  the  problem  of  the 
drying  of  tho  floor  is  given  in  fig.  2     It  is  similar  to  that  of  phase 
one.    Figure  2  shows  that  the  percentages  of  correct  answers  in  the  age 
groi'p  t.ii*,  •       :jpated  i-  both  phases  are  similar.    The  diversions  did 
uot  participants  since  they  are  ./pical  to  younger  age 

groups  auu  i  ^j/esent  only  minor  views  at  the  age  range  ten  to  fourteen 
(Bar,  1987o)-    The  percen*:age  of  correct  answers  reaches  82  at  the  age 
of  fourteen.    The  effect  of  the  diversions  is  demonstrated  though  in 
^ig*  3,  where  the  distribution  of  the  answers  given  to  the  problem  of 
the  drying  of  the  laundry  is  shokn.    The  percentage  of  correct  choices 
was  reduced  considerably  and  it  reaches  only  30%  at  the  oldest  age  group, 
only  40Z  at  1.  .5  years  (fig.  3,  E).    Instead  the  diversion  that  says 
that  during  evaporation  the  water  changes  into  hydrogen  and  oxygen  was 
frequently  chosen  (Fig.  J,  D).    This  answer  was  recorded  only  once 
(luring  ph-se  one.    This  result  shows  that  the  par«-lclpants  are  not 
really  sure  that  water  vapour  is  another  form  of  water.    Even  in  the 
open  ended  test  many  of  them  say  that  the  vapour  corslsta  of  air.  The 
idea  that  during  evaporation  the  water  molecule  disintegrates  into 
hydrogen  and  oxygen  is  hardly  found  In  the  oral  test,  but  was  oftenly 


recorded  during  phase  two,  this  result  demonstrates  the  effect  of  the 
testing  method.    In  fig.  4  the  views  concerning  the  problems  of  the 
"drying  of  the  saucer"  are  given.    According  to  the  order  of  the  test 
this  problem  was  solved  aicer  the  problem  of  the  "drying  of  the  floor" 
(fig.  2)  and  the  possif.lity  of  changing  vapour  into  water  were  already 
solved  (fig.  6).    Comparing  the  results  given  in  figure  3  and  figure  4 
we  see  that  the  percentage  of  correct  answers  appearing  in  figure  4  is 
fJice  as  much  as  in  figure  3.    But  even  then  the  percentages  of  the 
answer  "hydrogen  and  oxygen"  are  rather  high  and  exceed  considerably 
this  of  the  oral  test  (as  mentioned  above  it  was  recorded  only  once)» 
demonstrating  again  the  effect  of  the  testing. 

The  clear  conclusion  of  phase  one,  that  the  understanding  of 
boiling  precedes  this  of  evaporation  was  not  recorded  in  phase  two. 
When  confronted  with  the  possibilities  that  when  water  boils  it  changes 
into  hot  air,  or  to  water  and  heat,  the  percentage  of  correct  answers 
reduced  f rom        to  i\»   at  the  age  group  eleven  and  five  months  (fig. 
5).    The  percentage  of  correct  answers  grows  as  a  function  of  age  anu 
reaches  58  percent  at  the  age  of  fourteen  but  even  then  it  is  less  han 
the  percentages  recorded  in  phase  one.    The  misconceptions  heat  or  hot 
air  were  recorded  occasionally  also  in  phase  one.  but  onlyatew  answers 
of  this  kind  were  found  and  their  percentage  in  the  whole  sample  is  less 
than  three.    Again  the  effect  of  the  format  is  very  apparent. 

In  figure  6  the  distribution  ct  the  results  concerning  the  problem 
of  condensation  is  given.    The  distribution  of  the  results  is  similar  to 
that  of  phaae  one  and  to  the  percentage  of  l  .rrect  answers  to  the 
problem  of  the  drying  of  the  floor  (figure  2).    This  demonstrates  again 
the  result  of  phase  one  that  the  development  of  the  understanding  of 
evaporation  and  condensation  are  parallel  to  eacn  other. 

The  results  of  phasv.  three  were  similar  to  those  of  phase  one. 
Phase  three  probed  the  same  contexts  as  phase  two,  at  the  same  age  range 
as  in  phase  two  and  more  over  it  was  a  written  test  as  in  phase  tvo.  In 
spite  of  all  thtaCthe  results  of  phase  three  are  the  same  as  those  of 
phase  one  and  not  as  those  of  phase  two. 
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Concluding  Remarks 

The  results  of  these  investigations  show  that  vfhen  qualitative 
problems  checking  children's  understanding  of  physical  concepts  are 
studied,  the  format  of  testing  is  significant.    Misconceptions  that  are 
hardly  found  in  the  open  ended  tests,  oral,  as  well  as,  written  are 
recorded  in  considerably  high  percentages  in  the  raultichoice  test.  It 
is  worthwhile  to  mention  that  when       our  participants,  wer^  presented 
by  siriilar  problems, in  the  same  format, and  using  the  same  diver sions,a:> 
in  e/irlier  Investigations,  our  results  were  similar  to  those  appearing 
in  l.hose  earlier  studies.    Thus  the  effect  of  the  test  format  and  the 
chojce  of  the  diversions  should  be  taken  into  account  while  referring  to 
previous  results  also. 

Though  the  same  views  were  recorded  in  the  open  ended  tests  and  in 
the  raultichoice  test  their  distribution  was  changed  considerably.  Many 
p*.-ticipants  are  drawn  to  the  "scientific"  suggestions  and  prefer  them 
above  the  right  answers  that  they  would  have  given  in  an  open  ended 
situation.    The  sane  thing  may  happenf^ also,  in  the  class.  When 
learning  chemistry  and  being  exposed  to  the  concepts  of  hydrogen  and 
oxygen  the  same  mistakes  that  were  recorded  in  the  multichoice  test  can 
occur.    The  pupils  may  change  their  ideas  from  the  correct  one, to  the 
wrong  idea  that  during  evaporation  the  water  changes  into  hydrogen  and 
oxygen.    Another  misconception  is  the  idea  that  energy  has  some  materinl 
meaning.    It  occurs  also  someticies  in  the  open  ended  situation.    But  the 
frequency  of  this  viev  is  very  much  enhanced  when  it  is  presented  in  the 
multichoice  test. 

There  in  some  difference  between  the  misconceptions  that  appear 
c  cerning  the  various  concepts.    In  tne  boiling  problem  the  idea  of 
heat  is  more  self-suggested,  thus  the  misconception  "h/drogen  and 
oxygen"  is  less  frequently  recorded.    This  misconception  is  more 
abundant  with  regard  to  the  problems  of  evaporation. 

While  teaching  science  it  is  recommended  to  pay  attention  to  these 
findings  which  indicate  that  the  .  pijs  tend  to  misinterpret  scientific 
concepts  and  processes  and  use  them  wrongly  (see  also  Osborne  and 
Cosgrove  1983).    The  effect  of    he  testing  fonaaL  shows  that  even  those 
who  give  right  answers  in  open  enJed  tests  and  in  the  class  are  not  sure 
about  the  correctness  of  their  own  enswers,  as  they  can  be  misled  even 
by  a  diversion  in  a  multichoice  test. 
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Figure  Captions 

Figure  One  -  The  developnent  of  the  conceptions  of  Boiling,  Evaporatl 

and  Condensation 
Evaporation 

A*     Percentage  of  correct  answers  to  the  problem   of  the  drying 
the  floor 

Boiling >    Percentages  of  answers  given  to  the  following  Items: 

B*      When  water  Is  boiled  vapour  Is  seen,  this  vapour  Is 
**comlng  from  the  vesael*" 

C*     The  vapour  Is  coming  out  of  the  water* 

D*     The  quantity  of  water  Is  reduced 

E*     The  vapour  Is  made  of  water 
Condensation 

F*      Percentage  of  correct  answers  to  the  problec  "Can  vapour 
change  Into  water?" 

Figure  Two  -  the  drying  of  the  floor 
A*     The  water  disappeared 
3*     The  water  penetrated  the  floor 

C*     The  water  changed  form  and  Is  scattered  In  the  air* 
D*     The  water  Is  near  the  celling 


Figure  Three  -  The  drying  of  the  laundry 


A* 

The 

watc-r  ±2  In  ths  sun 

B* 

The 

water  Is  within  the  laundry 

C* 

The 

water  changed  Into  air  and  disappeared 

D* 

The 

water  changed  to  hydrogen  and  oxyge^i 

E. 

The 

trater  changed  lt<-  form  and  scattered  In 

Figure 

Four  - 

The  drying  of 

A* 

The 

water  entered 

B* 

The 

water  changed 

C* 

The 

water  changed 

D* 

The 

water  changed 

the  saucer 

Into  the  saucer 

Into  air  and  disappeared 

to  hydrogen  and  oxygen 

Its  form  and  scattered  in  the  air 


Figure  Five  -  The  vapour  coming  from  boiling  water  is  made  of 
A*     Another  foro  of  water 

B.  Air 

C.  Hot  air 

D*     Water  and  heat 

£•     Hydrogen  and  oxygen 

Figure  Six  -  Can  vapour  be  changed  into  water? 
A«  Yes,  because  vapour  is  made  of  water 
B*     No,  because  the  water  changed  into  air  and  disappeared 

C.  Vapour  changes  into  water  only  in  the  clouds 

D.  Vapour  changes  into  water  only  in  winter  when  it  rains 
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TOE  DESIGN,  IMPLEMENTATION  AND  EVALUATION  OF  A 
MICROBIOLOGY  COURSE  WITH  SPECIAL  REFERENCE 
TC  MISCONCEPTION  AND  CONCEPT  MAPS 


Hanna  Barenholz  and  Plnchas  Tamlr 
Israel  Science  Teaching  Center 
Hebrew  University  Jerusalem 

Introduction 

Ausubel*s  learning  theory  (Ausubel  1968  and  Ausubel  et  al 
1978) y  is  based  on  the  assumption  that  human  thinking  involves 
concepts*    He  further  postulates  that  a  hierarchical  structure  of 
concepts  is  an  important  variable  in  students*  learning.    One  of  the 
most  important  distinctions  in  Auiiubel*s  theory  is  between  rote 
learnings  and  meaningful  learning*    Meaningful  learning  according  to 
Ausubel* 8  theory  depends  upon  the  idiosyncratic  concepts  the 
individual  holds.    For  Novak's  (1979)  theory  of  school  learning, 
concepts  and  the  propositions  describing  relationships  among  them, 
are  also  of  primary  importance « 

The  desigr  of  concept  maps,  is  described  by  Novak  as:  "A 
process  that  involves  the  identification  of  concepts  in  a  body  of 
study  materials,  and  the  organization  of  those  concepts  into 
hierarchical  arrangement  from  the  most  general,  most  inclusive 
concepts  to  the  least  general*  least  specific  concepts**  (Novak  1981 
P-  3). 

Ferry  (1986)  claims  that  a  brain  needs  to  compare  new 
informatirn  vith  what  it  already  knows,  and  the  best  way  to  store 
information  is  in  modifiable  networks. 

Following  Hertig's  (1976)  call  to  biology  educators  and 
learning  theorists,  to  combine  their  talents,  to  improve  the  quality 
of  biology  education,  Stewart  et  al  (1979),  demonstrates  Uoy  concept 
naps  (C*M.)  can  be  used  in  biological  curriculum  planning, 
instruction  and  evaluation. 
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Concept  maps  were  used  as  2.nstructio;,dl  aids  as  well  as  for 
course  design  examples:    In  earth  science  Ault  (1985),  in 
mathematics  .Valones  and  Dekker  (1984),  in  physics  Moriera  (1978)  in 
biology  Novak  (1979),  Stewart  et  al  (1979),  and  Novak  and  Symington 

(1982)  . 

There  are  several  different  styles  and  procedures  as  to  the  way 
concept  maps  are  designed  and  evaluated  which  indicates  how  widely 
maps  are  used  (e.g.  Matthews  19Q^,  Novak  1979,  Cronin  et  al  1982, 
and  Stuart  1985). 

CM.  as  ai.  investigating  tool  of  meaningful  learning  was  used 
by  Novak  (1979),  Edwards  and  Fraser  (1983),  and  Bru^by  (1983). 

They  were  employed  at  different  age  levels  with  various  ethnic 
groups,  Leman  et  al  (1985)  including  junior  high  school  Novak  et  al 

(1983)  ,  senior  high  school  Gurley  (1982),  and  college  students 
Arnaudin  et  al,  and  Moriera  (1979). 

Reading  and  remedial  reading  is  another  area  of  research  which 
hus  used  concept  maps.    Since  educators  and  reading  experts  agree  on 
the  importance  of  the  organization  of  texts  and  other  learning 
materials,  as  a  factor  in  comprenension  and  in  facilitating  memory. 
Berkowitz  (1985)    compared  exerimental  methods  of  content 
organization  in  the  teaching  of  reading  to  sixth  grade  students. 
She  found  thac  the  group  of  students  who  constructed  maps  scored 
significantly  higher  than  the  other  groups. 

Brooks  et  al  (1983),  based  their  research  on  Anderson's  "Schema 
theory."    They  found  that  students  trained  in  the  use  of  schema, 
significantly  facilitated  their  recall  of  scientific  text. 
Caraperell  et  al  (1985).    Showed  the  use  of  "network  diagrams,"  which 
are  very  similar  to  concept  naps,  as  a  tool  for  teaching  remedial 
'eading.    These  maps  or  network  diagrams  were  more  helpful  than 
outlines. 


According  to  Spiro  and  Taylor  (1980),  Anderson  (1983)  and  Meyer 
et  al  (1984) 9  readers  who  are  sensitive  to  text  structure  appear  to 
recall  more  ipforiaation  than  others.    They  believe  that  if  students 
identify  the  structure  of  the  learning  isaleriais  thair  recall  may  be 
enhanced*    All  these  findings  seem  to  support  the  learning  theory  of 
Ausubel  and  Novak  (1978)  and  its  implications  for  science  education* 

Another  aspect  in  science  learning,  which  concerns  science 
educators  are  the  large  number  of  misconceptions,  which  were 
identified  in  all  areas  of  science,  those  seem  to  interfere  with 
proper  learning*    For  examples  see  Helm  and  Novak  (1983)* 

In  our  study  special  emphasis  was  drawn  to  identification  of 
learning  prnblens  and  misconceptions,  while  designing  our  learning 
program*    The  program  was  designed  hierarchically,  and  concept  maps 
were  used  as  a  main  heuristic  device  through  all  stages  of  research, 
from  planning  and  designing  of  the  learning  program,  through 
instruction  and  evaluation w 

Material  and  methods 

This  study  reports  the  development  of  a  microbiology  course 
based  on  Ausubel  and  Novaks'  learning  theory  (1978)*  It's 
implementation  and  evaluation  in  the  classroom* 

The  main  characteristics  of  the  developed  curriculum  were: 
Enhancing  meaningful  learning  by  exposing  students  to 
hierarchically  organized  learning  material*    (From  geMral 
ideas  through  concepts  to  details  and  examples)* 
Identifying  learning  problems  and  misco.  :eptions,  and  referring 
to  them  in  the  program* 

Using  concept  maps  (C*M*)  as  a  basic  strategy  through  all 
stages  of  planning,  designing,  implementation  in  the  classroom, 
and  students'  evaluation* 
Updating  the  subject  matter  with  current  conception  of 
microbiology* 

7  :> 


a) 

b) 
c) 

d) 
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Preparatory  stage  -  This  stage  included: 
Collected  information  on  existinj^  learning  materials,  in 
microbiology,  for  hi^h  school  students  in  Israel  -  It  was  found,  in 
the  years  1979-1980,  that  most  microbiology  courses  were  using  the 
Hebrew  version  of  the  B*S*C*S*  (Yellow  version  text)  as  published 
about  20  years  ago* 

IdentifyinR  learning  needs  -  Was  accomplished  by:    Talking  to 
teachers,  visiting  classrooms,  reviewing  science  education  journals, 
reviewing  study  programs,  local  and  foreign  It  wac  found  that 
microbiology  had  been  ta    ht  in  Israeli  schools  in  tenth  or  eleventh 
grade,  and  sometimes  in  twelfth  grade*    Time  devoted  to  the  subject 
ranged  from  several  weeks  to  several  months* 
Updating  the  subject  matter  -  Was  accomplished  through  current 
scientific  literature  and  discussions  with  microbiologists* 
Identifying  new  scientific  knowledge  thaht  is  relevant  to  education* 

In  science  education  journals  we  found  examples  of  such 
knowledge*    For  example:  The  newly  established  primary  kingdom  of 
organisms,  the  "archabacteria"  Evans  (1983),  Lennox  (1983); 
previously  unknown  diseases  Sobieski  (198A),  and  ".he  importance  of 
taxonomy  in  biology  education  Honey  et  al  (1986)* 

Identifying  learning  problems  and  misconception  -  was  carried 
out  during  the  preparatory  stage,  a£  well  as  throuf^h  all  other 
stages  of  the  research 

The  sources  of  this  information  were:    science  education 
literature,  results  of  the  matriculation  examination  (those  are  the 
final  examinations  given  to  high  school  majors),  classroom 
observation,  students  concept  map,  and  various;  tests  we  administered 
in  some  high  school  classes* 

We  concluded  from  the  Preparatory  stage  that; 
1*     There  ir  i  n»ed  for  an  up-dated  learning  program  in 
microbiology* 


34 


2,     This  program  should  be  modular,  so  that  it  may  be  adapted  for 
different  s«"udents*  levels,  and  different  lengths  of  time. 

3«     Special  attention  should  be  given  to  learning  problems  and 
misconception* 


Developing  the  learning  program 

Based  on  those  conclusions  the  program  was  developed.  Table  1 
summarizes  the  three  "Stages  of  the  development. 

I:  qll  the  stag     informal  classroom  observations  were  made,  as 
well  as  collecting  students*  yritten  work  such  as;  examlnatioi. 
papers,  a»>'*  cor':ept  maps. 


Table  1;  D?velopiP<»  stages  of  the  learning  program,  and  their  main 
characteristics . 


Developing 
stage 


Characteristics 


No.  of  No.  of 

vits  classes 
developed  studying 


Pilot 


Formative 


Summative 


First  experience  with  CM. 
a«    As  part  of  programs  text 
b>    As  part  of  student's  work 
Many  ready  made  CM.  were 
included  In  the  text 
Identifying  learning  problems 

Longer  exposure  to  CM.  exper. 
Less  re^dy  made  maps  in  text 
More  student's  prepared  maps 
Considering  learning  problems 
already  defected 

CM.  became  an  integral  part 

of  the  program 

More  learning  problems  were 

treated. 


one 


one 


5  modular 


8  modular 


16 
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Since  we'll  report  in  this  paper  mainly  the  results  obtained  at 
the  summativ3  stage,  classroom  procedure  and  students  evaluation 
will  be  described  for  this  stage. 

Classroom  procedure 

At  the  summat'ive  stage  16  classes  participated.    lOth  11th  and 
12th  grades,  in  this  report  -o  distinction    was  made  between  the 
different  gra'as).    The  classes  were  divided  into  3  groups; 

1,  '*Mappe*s"  -  map  instructed  group  "mappers"  who  studied  our 
learning  program  and  worked  with  CM. 

2,  *'No  maps"  ~  this  group  studied  the  program,  but  was  not 
required  to  construct  CM.  "no  maps."' 

3,  "Compari<on"  -  this  group  studied  the  ^.S.C.S.  curriv^ulum 
without  mapping  exercise. 

Srudents'  evaluation 

Students'  evaluation  through  all  stages  of  this  study  was  based  on 
paper  and  pencil  exams,  including  several  types  of  examination  items, 
for  details  see  Table  2, 

Mapping  strategies 

Two  main  types  of  concept  maps  were  used  during  this  study: 

1,  Ready  made  CM.  which  were  an  integral  part  of  the  text. 

2,  Students'  constructed  CM.  of  the  following  types; 
Partial       s  -    had  to  be  completed ,  mapj  that  had  to  be 
constructed  following  a  supplied  list  of  relevant  concepts  and 
finally  maps  that  had  to  be  constructed  from  students  own  fund 
of  kncwleige  (see  also  Table  1). 

Introducing  maps 

This  was  done  in  three  different  variations  at  each  stages 
Pilot  stage  -  Students  got  an  example  of  a  ready  made  CM.  Then 
they  obtained  a  list  of  microbiological  concepts,  which  they  were 
asked  to  organize  into  a  CM,  similar  to  t.ie  example  given. 
Formative  stage  -  In  this  stage,  the  "mappers"  were  introduced  to  a 
modification  of  Novak's  "Lerrning  how  to  learn"  (1981)  exercise. 
Summative  stage  -  The  introduction    to  CM.  is  included  in  the  preface 
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to  the  program's  textbook*    It  is  composed  of:    A  short  explanation 
about  the  importance  of  knowledge  organization,  an  example  of  a  CM. 
summarizing  e  short  text,  and 'instructions  for  self  assembly  of 
CM*,  also  sunanarizing  a  short  text* 

Students*  attitude  toward  CAi.  and  the  learning  program 

The  pr-^cedure  in  which  attitudes  w«re  assessed  are  summarized 
in  Table  3. 

Teachers'*  involvement  in  t*»£  learning  program 

Pilot  stage  -  No  direct  te&cher  involvement  was  required  at  this  stage. 
Formative  stage  -  The  biology  teachers  taught  the  subject  matter,  while 
introduced  tha  CM. 

Sumaative  stage  -  Teachers  taught  the  subject  matter,  as  ^-  as 
CM.  according  to  the  introduction  of  the  program. 


Table  2  pretest  and  posttest  procedure 

pretest  posttest 

concept  definitions 
self-evaluation  of  concept  und3rstandi:\9 
multiple  choice  questions 
open-ended  questions 

"reasons"  to  multiple  choice 
answers  CM.  for  *Wppers," 
opensnded  for  others, 
attitude  questionnaires 
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*We  like  to  thank  all  the  teachers  and  students  who  participated  in 
this  study  for  their  cooperation 


Teachers  were  asked  to  write  a  report  about  the  course 
procedures,  and  to  answer  an  attitude  questionnaire,  about  the 
program  and  working  with  CM. 


Table  3:  Students'  attitude  evaluation  in  the  various  stages  of 
study 


Stage  of  study 


pilot 
formative 


attitude  assessment 


oral  discussion  with  students 

""sort  questionnaire  about  the,  text,  one 
general  question  about  CM. 


summative 


more  detailed  questions*  about  both  text  and 
maps  also  questions  comparing  mapping  to 
other  learning  methods. 


*A  modification  of  Arnaudin  et  al  (1984)  attitude  questionnaire 
Results 

We  differentiat3d  between  two  main  types  of  misconceptions:  1. 
general  principles  and  2.  related  to  specific  concepts. 

ii     General  principles 

Many  students  do  not  understand  the  role  that  microorganisms 
play  in  naturcj  their  role  in  material  cycles,  especially  as 
decomposers,  and  their  importance  to  mankind.    This  was  first 
rev^  Aed  in  answers  jiven  in  matriculation  examinations* 

Following  these  findings,  the  same  questions  that  %/ere  asked  in 
the  matriculation  exams,  were  asKed  in  our  pretests  (Tablft  A).  In 
the  pretest  only  15Z  of  students  could  ^f.\plaln  the  role  of 
cjicroorganlsms  in  nctu.  -        ic  foo'^  i/eoi:    and  in  different  material 
cycles  ("complete"  answei  ''^e'.le  A\  ^UZ  yev^  martial  answers, 
("partial")  and  41%  thougt:c  thac  cictoor^ja.^isiss  ^"re  either  harmful 


or  else  unimportant  ("wrong  answer")*    Even  a  larger  number  of 
students  couldn*c  explain  the  importance  of  microorganisms  to 
humans:  for  example  none  of  the  students  mentioned  the  natural 
microflora  cf  our  bodies  ("complete  answer").    About  30%,  if  given 
the  choice,  would  have  eliminated  bacteria  and  other  microorganisms 
from  Earth  ('''wrong  answer")*    3%  of  students  had,  stated  that  any 
creature  which  God  or  Nature  have  created  has  it's  place  on  Earth 
and  shouldn't  be  extinguished    "God's  creation"). 

Other  basic  misconceptions  were  revealed  when  students  had  to 
explain  the  biological  principles  of  tood  preservation*    They  failed 
to  understand  that  in  order  to  preserve  food  we  create  conditions 
which  are  not  favorable  for  microorganisms,  by  changing  one  or  more 
of  the  basic  conditions  of  life,  such  as  temperature,  or  water 
supply  •    The  answers  showed  that  less  than  15%  gave  a  full 
explanation  to  those  questions  ("complete  answer,"  see  table  4). 

2,      Specific  concepts 

Antibody  -  in  the  pretest  only  7%  were  able  to  define  this 
concept  ("complete  answer,"  table  5).    Results  of  a  multiple  choici^ 
question  in  the  matriculation  examination »  sh      *  58%  of  correct 
answers,  and  14%  in  our  pretest,  to  questions  .    ated  to  the  nature 
of  antibiot»ci(Table  6). 

Antibiotics     only  3%  wrote  in  the  pretest  a  complete 
definition  of  antibiotics  ("complete  answer")*  Ccmmon 
misconceptions  were:   ."Antibiotics  Jo  help  antibodies*  fii>ht 
bacteria*"  or  "anuibiotics  combine  with  antibodies  and  behave  like 
one"  ("wrong"  and  "confused  with  antibody"  answers  table  5). 

Students  were  also  asked:    "How  is  resistance  against 
antibiotics  developed?    and  what  is  it's  medical  importance?"  These 
questions  were  asked  at  matriculation  exams,  and  in  our 


*In  Hebrew  the  concepts  antibiotics  and  antibodies  sound  different 
than  in  English  so  there  is  no  question  of  semantic  confusion* 


questionnaires*    In  the  p  etest  19%  (multiple  choice  question)  chose 
the  right  answe    ("complete  answers"  tabled),  31%  thought  that 
bacteria  develops  antibodies  against  antibiotics,  this  was  true  also 
for  27%  of  answers  to  matriculation  exams,  24%  of  the  students  m 
the  pretest  thought  that  "the  human  body  develops  resistance  against 
the  antibiotics*" 

St.-ne  mir-onceptions  were  particularly  uncovered  in  C*M* 
prepared  by  students*    Examples:    Inability  to  dif ferentia'-e  between 
prevention  and  curing  of  diseases  and  misunderstanding  of  Koch's 
postulates  (Exhibit  6)*    Misunderstanding  of  material  cycles  in 
nature  is  another  example* 

Some  misconceptions  were  mainly  uncovered  during  classroom 
observations,  example: 

"The  role  of  water  ''n      xntaining  life"  -  The  question  rose 
while  discussing  what  are  the  growth  needs  cf  bacteria*    W-«ter  is  a 
basic  requirement  for  every  form  of  life*    It  turned  out  that  for 
many  students  in  the  five  classrooms  we  observed  t.iis  was  net  clear* 
Similarly,  many  students  did  not  understand  the  importance  of  other 
basic  substances  such  as  carbon  and  nitrogen* 

Multiple  choice  questions  were  yet  another  source  to  uncover 
misconceptions  (see  table  6)* 

Dealing  with  misconceptions  in  the  learning  program «  and  its  effect 
on  students  posttest  results 

While  developing  the  learning  program,  special  emphasis  was 
given  to  the  topics  and  concepts  in  which  learning  difficulties  were 
identif ;ed* 

We'll  describe  how  some  of  those  topics  were  treated  in  our 
program,  for  example:  "The  importance  of  microorganisms  in 
nature,  and  »    men*"    We  prepared  a  C*M*  summarizing  this  subject* 


This  CM.  served  as  a  guide  for  developing  the  first  chapter  of  our 
book*    This  oep  is  not  included  in  the  book*    However  students 
"mappers"  were  asked  to  summarize  this  chapter  in  the  form  of  a  C*M* 
The  maps  produced  t«.rned  out  to  be  very  clear,  and  meaningful 
(Exhibit  4)*    This  was  also  one  of  the  main  subjects  included  in 
students  final  maps.    Answers  to  the  questions  in  the  posttest 
compared  to  the  pretest  (see  Tables  A,  5,  and  6),  showed  a  big 
improvement  in  the  groups  that  participated  in  our  learning  program* 
The  comparison  group  didn't  do  as  well*    There  also  seems  to  be  a 
tendency  r'^  "mappers"  to  score  somewhat  higher  on  those  items* 

"Th^  essentials  of  life  maintenance,  and  the  biological 
princip  .es  of  food  preservation*"    In  the  learning  program  the 
essentials  of  maintaining  life  was  explained  in  the    .*cond  chapter, 
later  in  chapter  7  application  of  these  Principles  were  explained, 
as  the  basis  fo    food  preservation* 

The  questions  about  food  preservation  in  the  posttest  were 
identical  to  those  given  la  the  pretest.    Students*  answers  (Table 
A)  showed  improvement,  compared  to  the  pretests,  although  not  as 
much  as  we  had  hoped  for*    As  with  the  previous  items,  students 
working  with  our  program  scored  higner  than  ccaparison  students* 

Simil&i'  treatment  was  given  to  other  misconceptions,  mentioned 
earlier*  antibodies  and  antibiotics*    In  order  to  improve 
understanding  of  those  concepts,  students  were  required  to  cot:;pcre 
between  them*      As  a  suggested  treatment  for  the  "distinction, 
between  prevention  and  ct.ring  of  disease,"  students  were  asked  to 
draw  a  C*M*    For  posttests  resuKs  see  Table  5* 

Again  test  groups  3cored  higher  than  the  comparison,  and 
"mappers"  show  a  tendency  to  score  somewhat  higher  than  ttte  others* 

Similar  result?  are  obtained  with  multiple  choice  q*;estions 
(see  Table  6). 


Working  with  concept  maps 

C*M*  were  used  throughout  the  whole  program,  for  various 
purposes:    The  first  map  (Exhibit  1)  presents  the  overall  Ide^  of 
the  cour^j*    Exhibit  2  Is       example  of  a  map  that  summarizes  a 
large  body  of  knowledge,  as  introduced  in  the  pilot  unit. 

Examples  of  well  designed  maps  prepared  by  students  are  £::hibits 
4  and  5*    A  C*M*  summarizing  one  defined  subject  or  the  main 
features  of  the  course  (Exhibit  3), 

Students  were  encouraged  to  a/i  relevant  concepts,  of  their  own 
knowledge*  while  design^  >  maps  with  the  help  of  a  concept  list* 
Exhibit  5  is  an  example  of  such  a  map*    This  kind  of  map  ^Iso  helped 
uus  understand  how  newly  acquired  concepts  are  integrated  in 
students'  mind* 

Exhibit  6,  reveals  misunderstanding  of  Koch's 
postulates  ?nd  In  complete  understanding  \ji  prevention  and  curing  of 
disease* 

Exhibit  7  is  a  teacher's  prepared  map,  for  instruction  design* 

Attitude.      ward  C*M* 

It  is  qulto  clear,  from  students  answers,  (on  a  Likert  scale 
questionnaire)*  that  Novak's  main  iaeas  about  C*M*t  as  an  heuristic 
devise,  are  understood  by  many  of  the  students  who  studied  with 
them,  as  an  integral  part,  of  the  learning  program*    Between  AOX- 
thought  it  is  a  very  good  method,  about  A0%  vere  uncertain,  and 
between  20Z-30%  didn't  like  it*    C*M*  scored  th^  highest  compared 
wxth  three  other  learning  activities  namely:    Answering  questions* 
reading  scientifxc  papers,  or  organizing  information      (Table  7X  as 
a  means  for  understanoing  of  concepts,  u^.derstandding  their  the 
relationships  and  hierarchy*    Hore  than  one-third  thought  that  C*M* 
are  a  good  way  to  study  biology  (Table  8)  but  only  7Z  thought  they 
might  use  them  in  other  subjects,  about  ^0%  thought  that  CM* 
reflect  well  their  knowledge  in  a  certain  subject,  and  helped  them 


in  arranging  their  concepts  meaningfully*    Only  20Z  tnought  that 
maps  help  in  uncovering  misconceptions*    Only  8%  thought  that 
concepts-mapping  is  a  pleasant  activity »  ard  only  5%  like  to  discuss 
their  maps  with  friends*    Most  of  the  students  thought  that  niapping 
is  neither  difficult  nor  a  waste  of  time*    ror  more  details  ';ee 
Table  8. 


In  answers  to  an  openended  question  that  students  indicated » 
C»M*  were  a  suitable  wav  *:o  study  the  following  subjects: 
Microbiology,  biology,  social  science,  sciences.    And  to  the 
question  "to  what  ways  lio  you  think  maps  can  be  of  help*"  55% 
answered  tuat  it  is  very  useful  in  organizing  learning  materials, 
I6Z  thought  it  might  be  helpful  sometimes,  212  stated  that  mapping 
is  a  pleasant  activity  but  not  useful,  and  8%  thought  it  was  not 
useful  at  all  (Table  8)* 

Students'  comments  about  working  with  C*M*  revealed  substantial 
variability  in  their  attitudes*    For  example  one  of  the  students 
even  though  her  maps  were  excellent,  stated:    "I  think  preparing 
maps  is  a  vasts  of  tiiu€,  I  xould  rather  get  prepared  ores*"  Another 
good  mapper  said:    **preparing  maps  help  me  remember  learning 
materials,  but  it  isn't  fun  studying  in  this  way*"    Several  students 
t'Dught  that:    "Mapping  is  Jifficvlt  or  a  total  waste  of  time*" 
Another  student  on  the  other  hand  felt  that,  "mapping  made  learning 
more  exciting*"    And  still  another  said  "ajaps  are  very  helpful*" 
Some  students  stated  that  their  atti*"ude  toward  mappinp  -nanged  with 
experience*    First  they  thought  mapping    s  just  some  extra 
unnecessary  work,  but  later  with  more  experience  they  had  come  to 
n  alize  that  maps  are  very  helpful* 

The  experience  C*M*  had  some  additional  effects*    There  are 
some  students  who  prepared  maps  on  subjects  other  than  biology* 
Others  who  voluntarily  prepared  maps  in  the  &.xcrobiology  course, 
even  when  other  ways  of  sununarizing  had  beer  suggested* 

One  student  who  su^fe^'s  cerebral  damages,  and  has  some  motoric 
and  learning  difficult^  i,  found  mapping  extrenely  beneficial* 
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Some  culturally  deprived  students,  found  working  with  maps 
helpful  and  rewarding* 

Some  of  the  teachers  who  work      with  us  started  planning  their 
own  classroom  instructions  witH  the  help  of  maps  not  only  in 
microbiology  but  in  other  biological  subjects,  like  ecology  and 
genetics  as  veil  (see  Exhibit  7)- 

In  classrooms  where  teachers  were  favorable  toward  mapping, 
their  attitude  was  reflected  in  the  quality  of  maps  drawn  by  their 
students,  as  well  as  their  attitude*    The  attitude  of  students  of 
two  such  teachers  compared  with  the  whole  population  of  mappers, 
show  higher  scoring  on  most  items  (see  Table  7)* 

Those  teachers  also  stated  that  C*M  were  an  excellent  tool  for 
them  to  dxscover  misconceptions  of  their  students* 

Attitudes  toward  th^  learning  program 

Almost  70%  of  the  students  thought  the  materials  were  very 
clearly  organized  and  con  stituted  an  excellent  way  to  study 
microbiology* 

DISCUSSION  AND  CONCLUSION 

Organizing  a  learning  program  hierarchically  according  to 
Ausubel's  and  Novak's  theory,  and  using  concept  maps  as  a  main 
device,  was  very  well  received  by  students  and  teachers*    It  was 
also  a  vory  rewarding  experience*    The  program  was  found  helpful  in 
improving  some  learning  difficulties  revealed  in  matriculation 
results,  as  well  as  in  our  pretests,  as  shown  In  some  of  the 
examples  we  gave* 

The  topic  and  concept  in  which  learning  diff.    Ities  and 
misconceptions  were  identified,  were  specially  treated  in  the 
development  oj    ..le  program*    We  tried  to  reveal  possible  sources  for 
their  occurrence  and  to  treat  them  accordingly,  e*g*  students* 
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belief  that  microorganisms  are  ^^rmful>  probably  originates  from 
everyday  experience  with  micr     ganisms,  and  their  related  medical 
aspects*    Tliis  assumption  is  based  mainly  on  the  pretest  answers* 
This  subject  was  carefully  treated  by  planning  the  text  with  a 
"master  map*"    The  rather  well  progress  students  made  on  the 
questions  related  to  these  problems,  compared  with  pretests  and 
"comparison"  group,  might  be  due  to  the  organization  of  this  topic 
in  the  program* 

Another  source  for  difficulties  we  recognized  might  be  the 
content  and  organization  of  textbooks*    For  example  based  on  the 
examination  of  biology  textbooks  and  discussions  with  teachers,  it 
seems  that  the  essential  living  conditioh^  are  usually  not 
explicitly  expl*-ined*    That  might  explain  the  difficulties  found  in 
the  understanding  of  the  need  for  water  and  other  life  n3cessities, 
this  is  probably  the  source  for  lack  of  understanding  of  biological 
principles  of  food  preservation* 

The  relatively  small  progress  students  made  in  this  area,  might 
be  a  result  of  too  little  emphasis  put  on  this  topic  by  teachers* 
This  was  reflected  in  teachers*  written  reports  and  in  discussions, 
where  they  stated  that  students  know  already  these  "simple"  topics, 
and  there  is  no  special  need  to  restudy  it. 

The  misc  nceptions  regarding  the  nature  of  concepts  like 
"antibody,"  "antibiotics"  or  "how  is  the  resistance  against 
antibiotic  developed?  and  its  medical  importance,"  were  very 
consistent  through  matriculation  results  for  several  years,  as  well 
as  in  our  pretests*    Posttest  and  final  maps  showed  impro/ement  on 
those  topics,  although  less  than  we  had  hoped  for* 

The  confused  answers  to  the  question  "What  is  the  medical 
importance  of  bacteria  developing  resistance  against  antibiotic,"  ae 
siiflilar  to  results  obtained  by  Brumby  (198A),  on  the  problem  of 
"national  selection  caused  by  antibiotics*"    Brumby  also  found  that 
students  confuse  antibiotic  with  antibody*    Answers  of  the  type 
"bacteria  develop  antibodies  against  antibiotic"  seem  to  be  of  an 
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intuitive  nature  and  common  among  many  students  all  over*  These 
kinds  of  problems  are  probably  hard  to  change,  as  shown  in  our 
re.     :s*    Maybe  teachers  have  to  get  better  instructions,  to  focus 
their  attentions  to  those  problems,  wnich  seems  to  be  consistent 
e.en  after  instructions* 

Based  on  our  experience  we  think  mapping  has  a  great  potential 
for  planning  and  developing  learning  programs  as  was  exercised  in 
developing  the  program  in  microbiology*    It  also  served  as  a 
planning  device  for  some  of  the  teachers  who  were  introduced  to 
maps,  and  found  them  helpful* 

C*M*  also  served  as  one  of  the  means  for  discovering 
misconceptions  for  the  researchers,  as  well  as  for  teachers*    As  for 
students  work,  there  are  indications,  that  many  of  them  recognized 
the  value  of  mapping  for  knowledge  organization,  concept 
understanding  and  hierarchy,  even  though  not  many  thought  that  C*M* 
is  a  pleasant  occupation*    The  results  of  the  attitude  questionnaire 
are  similar  to  those  of  Arnaudin  et  al  ^1984)*    Since  we  have 
indications  that  teachers  influence  on  their  student's*  attitude 
toward  CM*,  and  their  map  quality  as  well*  It  might  be  rewarding  to 
train  more*  teachers  for  a  longer  period  of  time,  so  that  more 
teachers  can  explore  the  possibilities  of  an  additional  learnii.g 
device,  and  learn  more  about  their  potential  and  possible  uses,  for 
themselves  and  their  students,  as  one  of  the  ways  to  improve 
meaningful  learning. 


Teble  4:  The  distribution  of  stedents'  ensvers  to  prrf^st  and  posctest  questions  about  general 
principles. 


Pretest 

openended        type  of                  no.  of  compar- 
quaation         answer     uppers      aaps  isCon 

total 

Posttest 

no.  of  cospar- 
B£ppers      oAQs     isjon   ^  total 

n.l57        n«23  n.l6 

n-196 

n-233       n-69       n«41       j  n«343 

laportance 

of  aicro^      coaplete       19              0  0 
organ  iaaa      partial        AS            60  19 

in  nature      vrong          36           48  81 

15 
44 
41 

53            48  34 
42             44  49 
6               9  17 

50 
42 
8 

n«lSS        n-19  n-23 

n-228 

n-67  n-334 

laportance 

of  aicro-        coaplete      0             0  0 
organiaaa        partial      37            16  13 

for  aen           vrong          63            8A  87 

0 
31 
69 

46             34  3 
37             52  85 
17             13  13 

39 
46 
15 

na^uo        n—jZ  naJi 

na269 

n«236        na64  na47 

n«347 

would              partial       66            47  58 
alialnate  Cod*s 

oicro-            creation       3              3  7 
organiaaa        vrong         27            41  36 

18 
48 

3 
32 

65             58  26 
26             36  49 

—            —  2 
9              6  23 

59 
31 

0.3 
10 

n*^uj        n<»4o  Q*J3 

n"280 

n»236        n-45  n«24 

^305 

coaplate      2            13  0 
drying            partial       28  13 

wrong         7  f            -^5           q  | 

3 
23 

^5 

41           22  29 
38             31  21 

i/            A?  50 

37 
36 

Xf 

n»i           n*>i         n— ju 

n"260 

na21          n«37  n«16 

n.263 

coaplete      18            8  7 
salting           partial      35            24  33 
vrong         46            67  60 

15 
33 
52 

51            62  a 
30             30  31 
19              8  25 

52 
30 
18 

Da  3  25 

P<s226        n^49  n«32 

no307 

coaplattt     16            10  14 
Freezing         partial      11             4  12 
vrong         7j            86  74 

14 
10 
76 

31             18  19 
17             25  12 
51             57  69 

28 
18 

54 

ri«2J3        n>^  o>33 

n«314 

n-234        n-52  n«32 

n-318 

cosplata     13             0  0 
Paaturizing     partial      52            21  33 
vrong         35            79  67 

10 
45 
45 

41            52  28 
51             33  *7 
8            15  25 

42 
48 
IC 

*For  anavera  exaaplea  see  text 

5^3 
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Table  5:    The  distribution  of  ansvers  to  specific  concepts,  pretest  and  post-teat  results 


Pretest 

Posttest 

type  of 

no 

coapar- 

no 

conpar- 

concept 

ansver 

mappers 

MpS 

iscw 

total 

mappers  caaps 

isOM 

total 

n-230 

t  54 

n-45 

n»2l7 

n-94 

n-36 

n-347 

cooplete 

8 

4 

2 

7 

49 

42 

6 

43 

partial 

ar  .ibody 

right 

31 

35 

31 

38 

37 

38 

31 

31 

partial 

vrong 

37 

37 

20 

35 

J2 

12 

50 

21 

vrong 

24 

30 

47 

26 

1 

7 

14 

f, 

n-191 

n-57 

na44 

n.337 

n-209 

n-91 

n»35 

n-362 

complete 

2 

2' 

7 

3 

58 

41 

9 

48 

pai tial 

rigit  ^ 

4 

0 

2 

12 

7 

20 

11 

antl~ 

biotica 

vrong 

56 

53 

46 

53 

14 

32 

49 

23 

vrong 

14 

14 

5 

13 

5 

6 

6 

5 

confused 

with 

antibody 

24 

37 

41 

28 

10 

15 

17 

12 

*For  ansvers  exanples  sc'C  texv 


Table  6:    Distribution  of  multiple  choice  ansvers »  pretest  and  posttest  questions 


Pretest 

Posttest 

no 

coopar- 

no 

cospar- 

nappers 

aaps 

is*^^ 

total  ' 

mappers  naps 

iscw 

total 

Hov  does  antibiotics 

effect  bacteria'' 

Choice  of  ansvers: 

n«248 

n-66 

n«52 

n«366 

n-245 

n-73 

n-55 

n-373 

1 .    pH  change 

7 

6 

11 

7 

1 

6 

6 

2 

2.    disturbing  bacteria 

netaboliSB 

16 

4 

17 

i4 

72 

73 

55 

70 

3.    osootic  change 

12 

r 

10 

11 

17 

6 

7 

13 

4.    helpa  antibodica 

66 

81 

62 

68 

10 

16 

33 

15 

Why  is  resistance  to 

anti biotica  a  aedical 

problee?  Anjvera! 

n«254 

n-68 

n«49 

n«371 

na248 

n-68 

n-55 

n«371 

1.    bacteria  develops 

antibodies 

32 

31 

27 

3i 

12 

26 

29 

17 

2.    human  develdpa 

resistance 

21 

25 

25 

22 

9 

9 

20 

11 

3.    rcsiaunt  bacteria 

can  multiply 

undisturbed 

21 

16 

12 

19 

62 

47 

26 

54 

4.    people  develop 

side  effects 

26 

28 

37 

28 

1  17 
1 

26 

19 

'Encircled  sre  t     correct  ansvers 


Tabla  7:  Attltudea  toward  yr>^^  vlth  Mpa  eoapared  to  othar  learning 
Mthoda.     Distribution  of  anavera  (n«2l6) 


Type  of  activity  studying  organizing  organizing 

answering  scientific  knowledge  knowledge 

Activities  helps  in:               questions  paper  in  tables  in  C.H. 

123        123  123  123 


Raising  scrovl  «arka  in 
biology 


22    40    38      38    29   24  32  39  30  40  34  26 

21    39   41       29    38    33  25  40  34  29  30  41 

42    38    42       32    39    29  22  39  40  31  26  43 

39    40    21       32    44   ^4  IS  39  43  19  19  62 

31    36    33       22    39    39  24  36  40  32  24  33 
\l  -  disagree.  2  «  not  cartein.  3  •  atrongly  agree) 


Undaratandlfic  concept a 
learned 

Undarataading  concepta* 
hiarerchy 

Uoderetaading  how  concapte 
ere  linked  together 

CoDcantratina  in  Min 
aubjecta 


Table  8:    Attitudea  toward  concept  sape.  cosperison  of  "tuppers"  population 
("all  Mtppers")  to  two  claaarooMS  where  teacher  specially  favored  neps  ("teecher 
Mtppf^ra")  diatribution  of  answers. 


Attitudea  toward  C.H.  disagree 

All  uappers 
n»263 
not 
certain 

sgree 
etrongly 

"teacher  uppers" 
n  *  62 
not  agree 
disagree     certein  atrongly 

1.    C.H.  ia  a  good  vay  to 
atudy  biology 

22 

47 

31 

16 

36 

48 

2.    I  intend  to  atudy  other 
aubject  setter  with  the 
help  of  C.H. 

45 

48 

7 

42 

53 

5 

3.    It'e  difficult  to 
prepare  C.H. 

40 

47 

13 

62 

28 

10 

4.    Kspping  ie  e  wsete  of  tise 

46 

37 

17 

59 

32 

10 

3.    Mspe  reflect  sy  knowledge 
in  certsio  eubjecte 

16 

45 

39 

15 

40 

6.    C.H.  hely  errenge 
cooceptv  aeaningfully 

20 

26 

4o 

16 

29 

7.    C.H.  help  discover 

concepte  oot  underetood 
very  well 

38 

43 

19 

32 

54 

8.    I  would  like  sy  teechers 
to  prepare  C.H.  in  cleee 

38 

43 

19 

24 

54 

9.    It'e  pleasant  to  prepare 

C.H. 

S3 

39 

8 

43 

46 

10.  I  like  discussing  C.H. 
with  frisnds 

69 

26 

5 

59 

38 

Opensnded  Qusstions  sbout  C.H, 

("sll 

sappers") 

a.    In  what  eubjecte  do  you  think 
C.H.  could  be  helpful  in*178) 


none  Hicrobiology  Biology  Science  S.Sci. 
11  30  21  11  26 


nice  but 


sosatiMa  very 


b.    C.H.  ars  sn  hauriatic  device 

auitsbls  for  knowledge  organizstioo  dissgras  not  hslpful  hslpful  hslpful 
(n.95)  11  21  16  55 


Exhibit  1:  A  concept  up  reprtMntlng  the  overall  Idea  of  the  Microbiology  course 
we  designed. 
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[ORGANISMS  LIVE  OR  DEAD\ 


Exhibit  3:    CM.  representee*  in  pilot  unit  showing  possible  material 
that  might  have  triggered  tnc  new  disease  described.    The  map 
suicmarizes  a  single  paragraph. 

These  kinds  of  maps  (Exhibits  ?  and  3)  were  later  eliminated  from 
the  learning  materials. 


Exhibit  4:    Student's  CM    11th  grade  -  summarizing  the  ideas  of  the 
first  unit  designefi  in  the  summative  stage.      \^ery  similar  to  our 
master  map  while  preparing  the  unit 
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Exhibit  5:    Students'  CM.  (10th  grade)  (shortened  for  the  purpose 
of  this  paper),  summarizing  ideas  about  main  functions  of  cells. 
Circled  (with  broken  line)  are  ideas  added  by  the  student  the  concept 
list  supplied. 


Exhibit  6:    CM.  prepared  by  10th  grade  students,  reveals 
difficulties  with  Koch's  postulates,  and  lack  of  proposition  between 
immune  reaction  and  disease  prevention.    (Broken  line  indicated 
misconceptions;  notice,  no  <onnection  is  drawn  between  antibody  formation 
and  prevention  of  disease.) 
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Sxhibit  7:    Teacher's  outlines  for  an  ecology  class  dealing  with 
producers  and  constmerst  as     consequence  of  t%e  work  with  our 
prograa 


APPENDIX 

Microbiology  course  "Chapters  in  Microbiology"  units  titles  at  the 
different  stags  of  developiaent. 

Pilot  stage  -  one  unit  entitled:  "Legionnaire's  Disease  -  the  story 
of  a  new  disease*** 

Formative  stage  -  five  units  entitled: 

a*     Classification  and  identification  of  bacteria 

b*     Procaryotic  cells  compared  with  Eucaryotic  ones 

c.     Growth  and  developtaent  of  bacteria 

d*     Bacteria  and  disease 

e.     "New  Disense" 

Each  unit  has  a  basic  "core"  and  one  or  two  "elective"  parts 

Summative  stage'-  eight  units  entitled: 

Preface:    VThat  are  concept  maps?    How  to  work  with  them? 

A*     The  world  of  aicroorganisas 

B*     How  are  microorganisms  classified? 

C*     Characteristics  of  bacteria 

Bacteria  Growth 
£•     Microorganisms  and  the  human  body 
F«  Viruses 

G*     Prevention  and  treatment  of  diseases 

H.     "New"  disease 

Glossary 

Each  unit  includes  a  basic  "core"  and  one  or  more  "elective"  parts. 
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Mlsconcepttotn, Conflict  and  Dtscus«tion  In  the  Teaching 
of  Graphical  Interpretat ipn 

Alan  Bell.  Card  Brekke  and  Malcola  Swan 
Snell  Centre  for  Machcmacical  Educacion,  University  of  Noccinghaa* 

T        Diagnostic  Teaching 

II  Graphical  Incerpretation  '  Aspeccs  of  Understanding 

III  Graphical  Incerpretation  -  Teaching  Styles  and  Their  Effects 


I    3IACM0STIC  TEACHING 

For  the  past  five  ycar>  ue  have  been  working  with  a  group  of  colleagues 
(Malcols  Swan,  Chriaclne  Shiu,  Brian  Greer,  Kathy  ?ratt,  and  Barry  Onslow) 
ct  ways  of  teaching  which  take  acre  fully  into  account  how  people  cone  to 
understand  soae  basic  natheoatlcal  ideas.    We  have  been  conducting 
conversations,  interviews  and  tests  with  students,^  looking  carefully  at 
their  aistakes  and  using  these  to  help  us  to  unoerscand  the  ways  of 
thinking  that  lie  behind  thea.    Then  we  have  been  devising  and  trvir.g  out 
teaching  ideas  and  Btthods  aiaed  at  overcodns  particular  sUsconceptions, 
and  testing  sooc  tine  afterwards  to  see  not  successful  we  have  been,  ^e 
have  coae  to  call  this  process  diamoszic  teacMrc.  and  we  think  that  :.t 
can  fora  a  useful  aodition  to  che  set  of  teacL.n^  oethods  vhich  we  normally 
use:  its  key  point  consists  of  posing  critical  problems  which  prooote 

conflicting  interpretations,  and  lead  to  resolution  throuCh  discussion. 

I.titially  wt  concentrated  on  a  few  known  prcbles  areas  of  the  curriculuo  - 
directed  nuabera,  deciaal  place'-value,  choice  of  operation  with  deciaal 
nuabers,  algebra  -  but  subsequently  colleajcues  have  been  applying  the  save 
principles  and  aethods  to  a  variety  of  other  curriculus  topics  including 
graphical  interpretation,  shape  and  place-value  with  prliaary  children, 
probability  with  sixth-f oraers.    Other  outcoacs  of  the  work  h^ve  included 
soat  new  insights  into  students*  understanding  in  each  of  these  fields;  but 
also  several  kinds  of  clcssrooc-task  have  eaerged  as  particularly  helpful 
in  generating  the  conflict  and  discussion  needed  to  proaote  learning. 
Making  up  questions,   'aarklng  hoaework*  (using  a  real  piecst  of  hooework  or 
a  apccially  constructed  one),  filling  In  tables,  and  paces  have  all  proved 
useful,  and  veya  of  c^abining  group  snd  whole-class  diacussion  have  besn 
e^flored.    A  full  suaaary  report  of  the  research  is  available  froa  the 
Shell  Centre  (Diagnostic  Teaching,  price  12.50). 


II     GRAPHICAL  IKTERPRETATIOK 


Tlie  graphical  work  Included  in  aost  traditional  syllabuses  is  inappropriate 
and  inadequate,  often  cnnsisting  oiinly  of  plotting  the  graphs  of  siaple 
algebraic  functions  and  reading  off  points  of  intersection.    But  by  far  the 
greatest  use  of  graphs  outs:de  the  taatheaatics  classrooa  is  to  display  the 
features  of  soae  situation  or  process  in  a  way  effective  for  coaauni cation. 
Exaaples  are  graphs  of  trenos  in  inflation  or  in  house  pric«s,  of  the  rate 
of  decay  of  radioactivity,^  of  the  distribution  of  expenditure  In  different 
categories  by  a  rating  authority.    What  needs  to  be  learnt  is  how  to  read 
and  Interpret  such  grapha;  this  includes  not  only  poinfreading  and 
identifying  saxiea,  but  also  global  cotrparisons  and,  in  particular, 
awareness  of  gradients  and  of  the  basic  types  of  function,  linear,  square* 
law,  exponential,  and  so  on*    These  aspects  of  understanding  were 
researched  by  Janvier  (1976),  and  continued  developaent  by  Halcola  Swan  has 
led  to  the  production  of  the  She?l/JMB  teaching  and  exaoination  aodule.  The 
Language  of  Functions  and  Gr6(>ns.    This  section  is  based  on  soae 
experlaental  work  during  the  trial  stages  of  this  aatcrlal;  all  8  third* 
year  uatheobtlcs  sets  In  a  coaprehensive  school  worked  with  the  saae  unit 
froa  this  aaterial,  with  their  usual  teachers,  and  took  a  diagnostic  test 
before  and  afterwards.    Coaparisons  were  aade,  based  on  test  results  and  on 
the  observation  of  the  classes,  (a)  of  the  way  in  which  the  aaterial  v*f^ 
used  by  a  ..igh  and  low  ability  set  and  the>r  teachers,  and  (b)  of  the 
c  -itrasting  approaches  to  the  material  of  two  different  teachers  of 
parallel  middle-ability  sets.    This  section  will  discuss  aspects  of  the 
wtudents'  graphical  understanding  shown  Ir.  the  diagnortic  test;  for  the  two 
coopai'ative  studies,  aee  Brekke  (1967). 

General  Difficulties  Observed 

(i)      One  group  of  difficulties  is  the  distraction  that  a  prioh  is  a 
picture  of  a  situation.    Overcoming  this  difficulty  is  partly 
dependent  on  the  ability  to  experience  relationships  between  tvo 
variables  represented  by  a  cartesian  graph* 

(11)    Pupils  are  usually  well  a:quainced  with  'bar  charts*  and  other  k:nos 
of  frequency  graph*    These  graphs  often  only  consider  one  continuous 
variable  (frequencv),  the  other  axis  being  used  *.o  show  even 
completely  independent  iteas-    It  is  then  a  big  step  further  to 
realise  that  graphs  can  also  show  the  relationshln  between  two 
variables. 


105 


(ill)  A  third  group  of  difliculciai  involvaf  Crtoo«in»  b«tw«en  tvpci  of 

vTlition  -  XlMar/curvad  ttc.  Evan  when  •  itudent  racogniaat  that  a 
function  is  incraaaing  it  ii  often  difficult  for  her  to  sec  what  kind 
of  variation  ia  taking  place  and  to  relate  this  to  the  graph.  Should 
the  graph  be  atraight  or  curved,  and,  if  tha  latter,  ahould  the  curve 
be  concave  or  convex'  Thii  is  seen  here  in  connection  with  variables 
in  specific  situations  eg,  speed-cxse,  discance-tise,  sales. 

(iv>   A  category  closa  to  (iii>  consists  of  the  difficulties  in 
intercretini;  gradienta  and  inter\'als. 

(v>     SoM  s  ificulties  the  pupils  have  are  not  only  directly  linked 

to  6if     aities  in  uking  the  translazion  between  graphs  and 
situations  or  verbal  descriptions,  but  ara  lore  generally  dey  indent 
oo  pupils*  ability  to  give  relational  responses.    So»e  pupils 
concentrate  on  one  factor  of  the  relevant  data,  and  exclude  the 
coordination  cith  other  factors.    We  will  refer  so  this  problen  as 
fixation.    Fixation  is  not  a  separate  category  froB  those  described 
above;  for  exaaple,  aose  pupila  have  problems  keeping  all  relevant 
factora  in  working  oe«ory  when  they  have  to  sketch  a  cotaplex  graph 
frofi  a  given  situation  and  tend  to  concentrate  oo  one  or  a  few. 
There  is  also  tha  fixation  oc  only  one  variable  when  a  relationship 
between  two  should  have  been  considered. 

Exacjles  froa  the  Test 

i  >    THE  -^RAPH /PICTURE  DISTRACTION 

This  kind  cf  siaconception  ia  extreoely  conoon.     It  accounts  for  a  large 
proportion  of  errors  on  its  own,  core  than  half  of  the  pupils  are  affected 
by  it,  and  It  is  also  involved  with  errnrs  that  can  be  traced  back  to 
fixation. 


The  following  question  is  oesigi.ed  to  expose  t..is  cisconccptio 


The  picture  al.concaption  is  illustrated  by  the  following  answers. 


Samanthat 

Q     x»oy2j     nrftin  V*^^  WOVior^ 
Sooe  pupils  taisinterpret  the  graph  as  a  sap  of  a  road. 
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^  \^>r^->^    ^rt^if^^-^'M  ^..^CS.-^^  ^ 


In  Going  to  School  (see  page  37  below)  the  picture  misconception  also  piays 
a  part.    IIZ  gave  an  answer  like  Handy  to  part  (d) 

Peter's  Jojmgv  tc  ScnocI 


speec 


Di5tar»ce  rroir  Peter's  ncae  (niies) 
34 


Kandy  u  giving  s  picture  of  the  road  froe  Jane's  to  Peter's  houses,  kith 
the  h^g^e8t  poant  contsponding  to  laaxi.ua  speed  30  oph.    There  is  no 
connect' on  between  the  distance  given  in  tt <  map  and  the  diatancc  on  the 
graph. 

11)    DIFFICULTIES  iNvOU'lNC  THE  REUTlONSHIP  BEUTEK  TWO  VARIABLES 

Anawers  to  otr.er  questions  indicate  that  the  experience  theae  pupils  have 
had  with  graphs  is  doidnated  by  block  graphs  and  other  pictorial 
representations  of  numerical  inforwation;  56S  gave  anawers  that  indicate 
this.    They  are  capable  of  plotting  points  on  a  curtesian  grid  and  reading 
off  points  froD  a  granh  where  the  acale  is  given.    Sugar  Prices  shows  that 
the  probles  of  Icokiog  at  one  variable  at  a  tiiM  Is  not  very  difllculf. 
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SUGAK  mCES 


Co«t 
(peace) 


A  . 


(lb) 


Which  point  (or  points)  represents 
the  heaviest  Pscket(s)? 

Which  point  (or  point.)  represents 
packet(s)  that  cost  Uset'* 

Which  points  represent  the  same 
ve«ght  of  su|car? 

Which  of  r  or  C  would  give  the 
best  vilue  for  voney? 
Hov  cen  you  tell? 

Which  of  f*  or  C  would  give  tne 
best  value? 

Which  two  packets  would  give  the 
saoe  value  for  noney? 
Hov  can  you  tell? 


teontrd: 


David: 


(1)         -Mi  1  aairi'i-'^^ 

Soae  pupils  look  at  differences  when  they  answer  (i),  -  a  confusion  between 
rate  of  change  and  anount  of  chanffe: 


Tony: 


i^^ ^  >ZLr.■>'^£l       t^kc^     'r^r  >rV^_ 


The  «ost  coaaon  wrorg  answer  to  (i)  is  A  and  C. 


ERIC 


-4^ 


We  alao  find  sinilar  problems  in  Coing  to  School.    Tnese  cuestions  are 
hardtr  because  the  pupil  has  to  consider  the  two  variables  where  the  length 
is  given  on  a  sap,  and  the  tiM  taken  to  travel  is  given  bv  hov  they 
travti«cd*     In  each  of  the  questions  they  have  to  adopt  a  kind  of 
proportional  reasoning,    in  (b)  and  (c)  the  graph  froc  (a)  has  to  be  used 
to  find  the  relationship. 
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COI^CTOSCHOO. 


Jine  Crentn  Sttun  fiwi«A«fficriltinvtiiotcnootiwflttncUA«cowncrv 
roic  cvcrv  mof  Ain(  Pete*  p*i  m  no  ud  l  a*  Jirx  0<««  tnc  Soun  wilU 
"ht  otni ■  n»o  c^iiC'CP       AO*  in«v  in*ct  from  ei«  lo  u*  "Dtc  ouo  iDO*t 

Th«  {olio»«n|  fnoA  cocnDe  ctca  pwpii  t  fOttnic*  to  lenooi  ust  Monct* 


a)  UM'ctcrpoiotORtr.f  rfc9A  »>tMM  iuti  o(ui<ptio^  k  rcrrmnu 

b)  ho»OtCPtwitncCfiair  'n*ticoKtoo>o..  Moau*^.— 


262  can  label  all  points  correctly  (part  a) 

19Z  are  looking  at  just  the  length  of  the  .Journey,  not  taking  into  account 

the  way  they  are  travelling. 
12«  ere  looking  at  the  speed  with  which  they  are  travelling,  putting  Peter 

nearest  to  the  vertical  axes.^  Jane  in  the  isiddle  and  Susan  spending  the 

longest  :ice  tr£vel!:ing.  because  she  is  walking. 
9X    Itave  out  this  ouestion  and  30:l  give  other  crong  anscrs. 


Cathv: 


(b) 


(c) 


fioth  Kin  and  Cathy  use  Just  tiae  taken  to  decide  how  they  travelled  to 
school.    Marianne  looks  at  the  distance. 
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Hariannt: 


(b)     t^^W^-^  C-Ck'^aLTo  Cu£.(gd- 

(Hi)    SHAPE  OF  TH£  GRAPH  -  SICNIFICAKCC  OF  STRAIGHT  LIKC  \TRStJS  VARIOUS 
CURVES 

In  Coing  Co  School  and  Co«ch  Party  the  pupils  arc  asKcd  to  sketch  f rsphs 
froB  given  situation,  and  in  the  latter  question  they  are  also  asked  to 
explain  the  shape  of  the  graph. 

Many  pupils  sketch  the  graph  as  consisting  of  straight  line  segoents. 
Those  who  Interpret  graphs  In  i  point-vise  fashion  are  especially 
vulnerable  to  these  kinds  of  errors;  plotting  a  fev  points  and  joining  chec 
up  by  line  segments.    2BZ  show  such  graphs  in  Going  to  School. 

Jaaon: 


Tirtfcr.Cf  irora  r-c^cr*?  newt  ,n-:ic5^ 


So»c  pupils  only  focus  on  the  drop  in  speed  at  a  bend  and  ignore  the  g'*')bal 
increase  in  the  car'c  speed: 


Paul: 


^isilar  errors  are  made  in  Coach  Party. 
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Coach  Party 


A  coach  hire  £ir»  offer*  to  loan  a  luxury  coach  for  1120  per  day.  The 
organiser  of  the  trip  decides  to  charge  every  tfesbcr  of  the  party  an  equal 

I aaount  for  the  ride. 

I 

a)  Sketch  »  graph  to  show  how  the  price  of  each  ticket  vHl  vary  with  the 
size  of  the  party. 

b)  Write  down  a  full  explanation  for  the  shape  of  your  graph. 


In  (a)  362  sketch  graphs  that  are  decreasing,  either  as  various  curvea 
(81),  straight  line  segments  (121),  a  few  points  plotted  (IIZ)  or 
histogram  (3Z);  282  leave  oui  chis  question.    Question  (b)  is  ocitted  by 
352,  the  highest  anount  in  the  test.    372  give  answers  that  clearly  show 
that  they  realise  that  the  graph  has  to  be  decreasing,  but  nost  of  thee  are 
satisfied  with  explanations  that  point  out  that  "the  oore  people  that  go, 
the  less  each  has  to  play".    Only  22  gave  correct  explanations  of  hew  the 
grsoh  is  decreasing. 

Helen: 


^mmf  •!  unit  »• 

(iv)    IKTERPRETATIONS  OF  GRADIENTS  AMD  IKTERVALS 

Pupils  find  the  ideas  of  gradients  and  intervals  difficult,  see  Kerslake  In 
Hart  (1981),  but  froE  what  we  have  fouid  in  this  test,  not  harder  than 
other  global  features  of  the  interpretation  graphs. 

As  f«r  as  the  graph  can  be  interpreted  as  a  "speed-tiue"  graph  a  fair 
nuaber  of  pupils  are  familiar  with  the  idea  of  how  to  show  a  changing 
gradient,    but  the  answers  to  Coach  Party  show  that  it  is  wich  aore 
difficult  to  use  the  idea  of  gradient  in  this  case,    "^.ia  oay  be  because 
the  situation  is  given,  or  it  may  be  that  the  «raph  no  longer  refers  to  any 
ongoing  process.    Here,  each  point  represents  one  of  a  set  of 
poiisibllA«i««»  "h^ch  ^'  •  distinctly  aore  abstract  idea. 
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(ir)    nXAHOK  -  ATTEKTION  ORAWK  TOWARDS  OKE  FACTOR  Oi  RELEVAKT  ISrOyw^TlON. 
CXCLUSIOK  OF  OTHER 


SoM  of  the  errors  acncioncd  In  (ill)  can  be  explained  by  the  cooplexitv  of 
the  problem.    In  Going  to  School  st^vcral  factors  have  to  be  considered  vhen 
one  graph  is  sketched.    To  get  a  correct  graph  shoving  all  the  infcrBatior 
given,  aost  of  the  pup:la  vlll  probably  need  to  do  rafineaents  of  the 
graph*    A  refinaacDt  win  often  occur  when  a  {rraph  is  first  SKetched,  and 
this  sketch  Is  co^>ared  with  the  original  situation,  by  Interpreting  one's 
sketch  graph  back  Into  the  situation  context. 

HI     TEACHING  STYLES  AND  THEIR  EFFECTS 

Our  last  section  described  the  results  oi  a  test  of  graphical 
underatandlng.    The  teaching  material  in  the  Shall  Centre  'red  box*.  The 
Language  of  Functions  and  Graphs,  was  developed  xn  response  to  the  aspects 
of  uoderstaoding  and  of  conceptual  dlfficuty  shown  in  that  test  3at«rial. 
In  this  aection  we  shall  describe  an  experlatnt  in  wnich  soac  of  the 
Mterlal  was  uacd  with  all  eight  third  year  claases  la  Haywood 
Coaprehanaive  School*  Nottingham*  with  observations  being  osde  of  different 
approaches  in  different  classes,  and  their  effects. 

ASPECTS  OF  CRA?HICAL  UNDERSTANDING 

The  aspects  of  difficulty  illustrated  in  the  above  section  fell  under  five 
headinga.    Thaae  were:  (i)  The  misconception  that  a  grapn  is  a  picture  of 
the  situstion;    (il)  The  awareness  thtft  a  graph  displays  i  relatlonehlc 
between  two  variables,  and  is  thus  more  sophisticated  than  the  bar  chart 
which  usually  displays  the  ouantity  of  each  of  a  number  of  separate  factors 
or  Items;  (iii)    Recognising  the  relation  between  points  on  tne  graph, 
straight  line  segments  and  curves  and  the  corraapondiag  kinds  of 
relationship  is  another  f  pect  of  graph-reading  skill.    The  responses  to 
Goiog  to  School  in  the  Xaat  article  showed  a  number  of  caaes  vhera  the 
speed/time  graph  of  the  Journey  was  sketched  as  a  :ig-zag  of  line-s egoer.ts 
rather  than  a  smooth  curve,     (iv)    The  readlag  of  differences  or  intervals 
from  the  graph  alao  preaenta  dif f icjlties.    The  grapn  for  Kotorvay  Journev. 
shoilng  the  amount  of  petrol  in  a  car's  tank  during  a  long  ^our:iev 
involving  two  flllnjps*  showei  difficulties  in  distinguishing  she  amount 
added  or  used  from  the  final  amount  in  the  tank*  and  tie  develooaent  of 
reading  this  difference  directlv  from  the  grid  rsther  than  referring  points 
back  to  the  axes  and  aubtracting.    Also  Involved  is  (v)  the  aaility  to 
coordinate  the  information  relating  to  :uo  variables  and  the  two  axes* 
Faulty  conclusions  often  stem  froa  attention  to  one  variable  cnlv. 


OESICS  OF  THE  TEACHING  KATtRUL 

The  five  lesson  booklets  of  Unit  A  cover  theee  points,  but  not  in  e  one-to- 
one  faehloo.    Booklet  Al,  Interpreting  Points,  contains  five  situations 
involving  coordinstiag  data.    Bus  Stop  Queue  (illustratlon}show$  seven 
people  of  varying  ages  and  heighta.  and  a  graph  in  which  each  Is 
rapreeented  by  a  point. 


Tl:..  asK  is  to  identify  each  peraon  with  the  appropriate  poist. 
Intentionally,  the  scale  of  height  is  horizontal,  and  thst  of  age  vertical* 
ao  that  the  natural  te&dency  to  aasume  that  a  high  point  corresponds  to  a 
tall  person  has  to  be  resisted  in  favour  of  a  more  careful  consideration  of 
which  dimension  on  the  graph  relates  to  which  variable.  So  here  one  aspect 
of  the  'picture'  nlsconception  comes  into  play,  but  the  main  problem  Is  one 
of  coordinating  the  items  of  Information. 

Booklet  a2  is  entitled  Are  Graphs  Just  Pictures^      It  starts  with  the 
problem  Illustrated  here,  where  the  graph  of  the  speed  of  the  ball  nas  to 
be  sketched*  and  this  shape  is  strongly  counter-intuitive  since  It  is  ^te 
reverse  of  the  shape  of  the  path  of  the  ball  shown  in  the  picture. 
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I  How  doe«  ihe  speed  ol  itw  ball  cItMgC  a»  il  flm  ihrowf  n  the  ai f  i n  | 

*  n>%cukt  ihu  Miioiion  wtih  vovf  nctf  aIkmu.  ano  «ri(c  Ja«n  a 
t\%.*t  Ucicn^ik/n  M4(iA(  hu*  you  bo(h  ibini  the  »f«i.J  itic 

Suw  Ueich  a  rowf  h  f  r^ph 
til  illustrate  vour 
d«.>vripi  ton 


Speed 


Ttftu  rflur  lite  b.*tl  Ik 
hii  m  tilt,  f .lit  t,tgb 


Rolltr  Coctter  it  a  slsilar  exKSple  in  vhich  the  i haoe  .of  ;rt  crack  and 
chat  of  tha  tpced'dltcaDce  graph  confllcc.    In  Vhich  Spore?  a  speed/tlae 
graph  looking  soMwhac  l«|ct  a  fishing  rod  and  line  is  presented,  and  the 
cask  is  CO  decide  vhich  of  a  nuaber  of  listed  spores  (fishing,  sky  diving, 
pole  vaulting,  drag  racing  ecc.)  it  represents.    T>.is  unit  is  the  one  for 
vhich  the  observations  of  two  sodas  of  teaching  are  presented  belov. 

Booklet  A3  Is  Sketching  Graphs  f  roo  Words*    The  situations  here  contain  a 
variety  of  types  of  function.    In  soae  cases  the  tas«  Is  to  sicetch  the 
graph,  in  others,  se:s  of  situations  and  of  graphs  are  given,  which  have  to 
be  aatched  correctly  one  to  one.    Exaoples  are  Strawberry  Picking  (tia«  to 
f inish/nuaber  of  peorle  ecploved).  Sal  loon  (di atseter 't i3>e  as  sir  is  s low 
released),  Bace  (ciae/length  of  race). 
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Aj  SKrTctaHcce*p«ftr«oMwotri« 


Total  tmc  * 

AtKtttCIO 


•»  •mot  r    pr«>9«<     t  M»f  •  I  f  a«  n 
\\w  (Mw  lo        %t>fxmtm^  mtf  a  con  m  \r**m^ 

•  <Aa«U      HT*  **<  a  «n  Sft*!      *  W  iM 

->  «»ii«MtVrt«r*i<Hrctti»<  aif«' t(«*  «i»rti  * 

SoM  of  these  exacples  (eg  the  first  and  third  here)  present  a  higher  level 
of    bstraction  in  that  the  graph  Is  in  no  seme  a  picture  of  a  train  of 
eve  Its  in  tlae,  but  a  set  of  ooislbilitlei.    Each  3oint  represents  one  of 
all  the  possible  situations,    lo  this  set  she  inverse  proportion  type  of 
graph  also  appears,  vhere  the  graph  approaches  the  axes  as ysptotically ,  but 
does  not  scet  thes;  this  is  another  point  vhich  neeas  a  serious  discussion. 
Booklet  AA,  Sketching  Graphs  fros  Pictures,  is  essentially  a  aore  advanced 
version  of  A2.    It  includes  The  Racing  Car  prooleo,  vhere  a  given  speed- 
tlM  graph  has  to  be  aatched  vlth  the  correct  one  of  a  set  of  possible 
tracks.    (This  probles  vas  origioally  developed  by  Claude  Janvier). 


 ~~! 


H.«»  d*'  voM  ihifik  (he  «ocr4<-'  a  (Kif>r  c>( 
»itt  \it\  ai  ii  (ia*(H  <M  ih«  uio*t4 
smuftO  rarft      >i>e  (Mcc  (n(«Mt  dta*'* 


CiH**'*  **<^ 

«<Mif  «e'e»>hfv«t  Ti.  •*>  rfr<OHcr  ivte  far** 
vow  alt  x%*tt  •«  «vTe« 
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Bookltc  A5  cooccraa  graditott  •:<!  it  davoctd  eo  cnc  one  ticuacion,  nilins 
Boccltt.    The  chitf  caak  U  to  MCch  •  s«c  of  boccUs  vich  «  tec  of  gr«ons, 
rcp«ttocio(  cha  height  of  water  against  vi^luat  or  #gain$t  tint.  Li  we 
iaagine  water  pouring  in  at  a  constant  rate.    Part  o:  t^.is  tasi^  is 
illustrated. 


u  u  y 

I  1 


U  '1^ 
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nr«*«rx     C  n 


In  relation  to  the  five  aspects  of  difficulty  aencioned  above.  Booiclets  AC 
and  A3  focus  on  the  Picture  nlaconception.  A3  and  A6  involve  the 
distinction  between  straight  lines  and  curved  grapns;  Al  focuses 
specifically  on  coordinating  Infonsction  on  two  variables.    But  all  involve 
soM  degree  of  reaiatancc  to  the  Picture  tendency  and  soae  coordination  of 
aeveral  Itaaa  of  inforaetion.    The  reading  of  differencea  and  intervals 
doea  not  receive  specific  attantion  in  these  units. 

KETHODS  or  TEACHING  WITH  THE  MATERIAL 

The  aateriala  in  the.tanguase  of  Functions  and  Graphs  are  written  with  the 
objective  of  provoking  reforoulation  of  children's  ideaa  of  graphs,  the 
Mccrial  focusaa  on  the  known  errors  or  oisconceptlons  bv  beginning  with  a 
rich  exploratory  altuation  which  contains  a  conceptual  oostacle.  The 
questions  are  deliberately  poaed  in  such  a  way  as  to  allow  the  errors  to 
COM  to  the  eurfece.    This  i«  don«  by  exploring  the  teek  in  pelrs  or  in 
saell  groups,  consulting  end  diecusslng  with  eech  othor.  end  working 
touarde  group  coneeneue.    Then  there  ie  e  preeentetion  of  the  finding  to 
o^iicr  groupe.    There  could  eleo  be  e  cleee  diecueeion  of  the  findings, 
which  givee  yet  enother  opportunity  for  rcaeining  errors  or  alsconccptlons 
to  coae  to  the  surfece  and  b«  reeolvcd  with  the  perticipetton  of  the 
tee  Cher. 
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The  tceching  Mthod  suggested  in  the  Lenguagc  of  Functic     and  Grapns  is 
beeed  on  rescerch  evidence  vnich  supports  the  view  thet  teeching  styles 
which  involve  deliberate  exposure  and  discussion  of  cosaon  errors  with 
children  ere  sore  effective  then  styles  which  evoid  exposing  the  errors 
(see  Bell  ec  al  (1985)  Diagnostic  Teaching.  Swan  (1963)  Teaching  Decisel 
Place  Value  -  e  cosparatlve  study  of  Conflict  and  Positive  Only,  and  Onslow 
(1985)  Overcoalng  conceptual  obstacles  concerning  rates  '  design  and 
ispleaentetion  of  e  diagnostic  teaching  unit). 

The  five  worksheets  of  section  A  have  been  successfully  used  to  Initiate 
discussions  of  conccots  and  errors  vith  a  variety  o:  classes.  Each 
worksheet  starts  with  «  relatively  difficult  problem  to  force  cooaon 
Bisconceptlotts  to  the  surface.    For  different  classes,  existing  concents 
and  alconceptions  will  be  different,  and  therefore  the  axss  for  the 
discueeions  will  differ  too.    For  the  lover  ebility  renge  soae  of  the 
teechere  expreeeed  e  need  for  eo»e  interaediete  etegee.  ee  the  problens 
were  too  covplex;  they  feit  thet  the  group  would  cope  o«re  easily  with  a 
■ore  greduel  vove  froa  the  concrete  altuation  to  the  aore  abctrect 
repreeentetion  of  the  situetion  by  e  grcph. 

EXPERIMENTAL  DESIGN 

The  Baterlals  were  used  In  ell  eight  third  yeer  catheoetics  setr  et  Hayvood 
School.  Nottlnghes.    Theee  vera  two  ects  et  eech  of  four  ebility  lev*ls. 
The  teachere  involved  were  the  norxal  teachers  of  these  classes.  All 
lesaone  et  the  top  two  levele.  and  soae  of  the  lessons  in  the  other  sets 
were  observed  end  eudioteped.    Two  lessons  were  videotaped. 

The  teachers  were  given  the  worksheets  and  tne  teaching  notes  fros  The 
Langtiagc  of  Fractions  end  Grephs  with  no  further  direction  on  the  teaching 
•ethod,  except  for  one  tcecher  in  Haywood  School  who  wes  a^iced  to  teach 
with  reflective  diecussione  efter  each  exercise.    This  teacher  was  also 
aekcd  to  pey  ettentior  to  the  identification  of  slsconceptlons,  and  to 
dl   .ussions  concerning  the  strategies  used  and  outcooes  obtained  in  e^cn 
lesson. 

Two  sets  of  coaparetivc  observetlone  were  oade.    One  wav  of  tne  use  of  the 
saterial  in  two  classes  of  widely  differing  Jtbidty  (Ve  hop4  to  describe 
this  leter).    The  other,  which  is  the  subject  of  this  erticle  vas  of  tne 
variety  of  weye  in  which  teachers  aoapted  the  oaterial  to  suit  their  ovn 
teeching  styles  end  of  the  effect  of  theee  differences  on  pupil's  leemlng. 
The  klnde  of  style  difference  will  be  iUuetrated  by  describing  typical 
leesone  by  different  teechers  with  classes  at  tne  sase  abilltv  level,  ^nd 
using  Che  seae  aaterial. 
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COMPAWSOK  OF  USE  BY  TlACHERS  VlZH  OirrtR£ST  STYLES 


Mftny  of  tht  tttchtrs  obttrved  havk  coooented  on  the  difference  between 
their  uitttl  style  of  tttcnmg  and  that  suggested  in  the  teaching  notes. 
For  aany  ttachera  it  is  difficult  to  organise  discussion  so  that 
uaconctptions  are  brought  to  the  aurJjce.    In  fact,  sooe  of  the  teachers 
orxanistd  their  pupils  by  groups,  but  then  spent  their  tiae  touring  the 
ciaaa  ^ttlping**  the  groupa  in  the  uaual  way,  without  anv  particular 
tiphaaia  on  expocing  aod  diacuaaiog  the  misconceptiona.  This  showed  that 
the  workaheets  aad  the  teaching  aotea  were  not  enouijh  to  establish  the  new 
style.    Ue  have  aubaequently  attenpted  to  Met  this  problea  by  developing 
support  Mterial  that  thoroughly  explaina  each  atep  and  its  aia  and  gives 
txaaplea  froa  practice,  including  soae  videotaped  exaepUa  of  varioua 
teacheta  in  action.    Ue  also  explain  aoaething  of  the  theoretical 
background  for  the  aethod.  and  give  aoae  exaaples  of  cotsarative  atudies 
between  this  aethod  and  aore  directive  teaching. 

Froa  previous  observations  we  felt  that  there  should  also  be  a 
retrospective  diacuaaion  included  in  the  lesaona.    The  aia  is  to  Iook  bacic 
on  the  work,  being  conacioua  of  the  errora  one  oade  and  how  one  woriced  ano 
why.    For  thia  reaaon  we  asiced  one  of  the  teachers  in  tie  last  teaching 
expcriaent  to  include  these  activities  in  hia  teaching  to  see  li  t^xs  lec 
to  iaptoveaanta  different  froa  thoae  of  other  groupa.    Anotner  teacner  ir. 
the  cchool  diverged  froa  the  general  pattern  in  a  different  way.  he 
believed  aore  in  rule  teaching.    Re  tried  to  help  the  9upila  in  a  positive 
way  to  understand  the  rcaults  in  the  workaheeta  by  directive  teaching, 
explaining  the  errora  they  had  aade  and  the  right  conclusions.  To 
illustrate  the  difference  in  atyle  we  will  give  tn  exaople  iroo  the 
tcachiog  of  two  aecond  level  groupa  working  on  workaneet  \Z.,  Are  Graphs 
Juat  Ficturta?    Claaa  IIA  had  apent  one  and  IIB  two  lessona  on  vorKaheet  Al 
before  doing  thia*    (Sheeta  illuatrated  aoove). 

OASs  :u 


Tfiacher  introducea  the  worksheet  and  organises  the  classrooa  (5  oinutea) 


Croup  discusaiona  with  groupa  of  different  sizes  (5:  minutes).    Every  group 
worked  at  its  own  pace  with  the  probleaa.    U^en  a  group  caae  up  with  an 
agreed  anawer  thia  wss  not  preaented  to  anyone  else,  there  was  no  further 
diacuaaion  on  the  problea.    Koat  of  the  grcups  csac  up  with  a  graph  of  the 
apeed  of  the  golf  ball  aa: 


The  teacher  toured  the  classrooa  talking  to  the  different  groups,  asking 
pupils  to  explain  tneir  grapha.  and  when  soaethlng  was  vTom  he  exoiainec 
why  it  waa  wrong  and  then  gave  the  right  explanation.    To  group  CI  which 
gave  graph  aa  above:    "This  can  not  be  right  becau«e  the  ball  then  woo.lJ 
have  had  ita  greatest  apeed  at  the  top*'.    "The  graph  oust  be  lijre  this  (.ee 
diagraa  below)  becauae  it  atarta  off  wirh  zero  speed,  thep  it  picks  up 
speed  becauae  it  ia  hit  by  the  club,  as  it  travels  up  m  Lne  sir  ic  vill 
slow  down,  and  aa  it  is  dropping  it  will  oicn  up  speed  because  o:  the 
gravity".    All  the  while,  tne  teacher  waa  tracing  tne  graph  vlrh  his 
finger. 


After  approxiaateiy  20  olnutes  aost  of  the  groups  had  fi-.ished  tne  'golf 
ball  prubleo*.    The  saae  structure  as  above  continued  throughout  the 
lesson. 
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ChooM  tlM  boi  tAiwcf  fnm  tHc  foUowwy  t«4  ttpUm*  «i»cth 
hOv  K  fits  Ihc  ptpD 


irOnKift  SmM 
Si*  Di*i»<% 
Co<f 

Hifh  Di»t«f 
SAOO«cr 
Of*;  RKint 
WiKf  Skiini 


Clam  ..achini   Vhlch  sport?    (5  slmicta) 

Ttachtr  tfrcv  attsntlon  co  th«  ch«n9&  of  «pstd  in  the  fraph,  and  asktd  for 
anavcra.  "^t  answtra  givtn  vttr«: 

1.  Uatar  Shi lag 

2.  High  Diving 

3.  Javalln  Throwing 

4.  Sky  Diving 

Tha  taachar  axplalnad  vhy    c  can  :  oc  ba  elthar  I.  2*  or  J  and  wh>*  l  is 
poaalbla. 

CLASS  113 
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Introduction  (4  ainutas) 


Tha  taachi  *.xplalnad  what  1»  happaning  on  the  picture,  atreaaing  that  the 
apaad  of  the  ball  varies.    He  also  reminds  then  oi  the  way  of  working: 

I*  Discuss  with  your  neighbour. 

2.  Try  to  com  to  an  ^greeaent. 

3.  Praaent  your  aaawer  to  the  other  groups  at  your  cable. 

4.  If  aaawtra  are  not  tha  aave  try  to  convince  ««ch  other. 
5*  Give  final  anawar  froB  your  group  to  tha  class. 

Work  in  pairs  and  yrouoa  (20  elnutes) 

As  in  Class  IlA,  aore  than  one  half  of  the  pairs  have  grapns  of  the  taae 
ahape  aa  the  path  of  tha  ball.  Ilka  *  ;3  ona  anovn  below. 


 •  -Km* 

After  20  oinutes  sll  the  groups  were  ready  to  go  on  to  pige  2  of  tha 
aatarial  and  to  conaider  tha  Soller  Coastsr. 


a»4M»  tmm»f 


V       II     <       II      I       I  ( 
OoljAt.  M4^.lh.l  4*«C<f>( 

Tha  teacher  vaa  touring  Che  claaaroos,  aaklng  quaationa  to  provoke 
diacuaslon. 

Class  teaching  (10  sinutea) 


Tha  teacher  again  drew  attention  to  Che  atthod  which  groupa  ahould  work. 
Ha  draw  tha  following  ditgra*  on  tha  blackboard: 


Uords 

sicatch  r..-,.K- 

..^Dascription  fro«  tha  akatchad  graph* 
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**S«i  If  cht  two  dticrlpcleat  Mtch  -  If  net  wi  hsvi  to  chir.gi  toaechinf. 
Yott  should  e«  tblt  to  look  it  your  friph  «nd  dttcrib«  chi  situation  again. 
A  short  dlscussloo  on  :ht  point  that  the  griph  shows  the  rc.ationsnip 
bttwtts  tht  varlablts  Indicattd       tht  tvo  axes  then  followed  (this  had 
beta  stressed  in  the  two  lessons  on  Al).    the  following  rlow  chart  was 
drtwn  on  the  bleckboerd: 


Cro«p_  dlscusslcn  (18  ainutes) 

Groups  were  using  the  stretegy  of  interoretmg  their  own  graphs  end 
coshering  thea  with  the  original  situation. 

Class  discussion  (12  ainutes) 

Three  graphs  were  presented  on  r*ie  blackboard. 


These  graphs  were  interpreted  md  O)  was  ruled  out  bv  the  puoils  when  they 
sav  chat  the  interpretetion  did  not  aatch  the  given  situetion.    There  was 
soae  debate  concernif.g  (1)  and    2)  because  ouoils  felt  rhat  the  ball  rusi 
start  froa  rest,  hit  thejr  were  unclear  as  :o  how  rapicly  It  accelerated. 
A  short  discussion  on  this  alsconceptJon  took  place  at  the  end  of  :he 
lesaoB* 


Teecher:  "Why  do  you  think  people  drew  tne  graph  like  Peter^  (3)'* 
hipiU:      **&ecause  they  rhiiU'  that  a  graph  is  a  picture." 


Thus  there  were  three  main  differences  in  approach  between  the  two  classes. 
In  both  classes  the  probleo  was  initially  presented  to  the  pupils  without 
teaching.    9ut  in  IIA  the  errors  nade  by  tne  pupils  were  ouickly  corrected 
whereas  in  IIB  the  pupils,  in  pairs  and  groups,  caoe  to  their  own 
conclusions  in  discussion,  and  later  presented  tne=  to  the  whole  class  for 
further  discussion.    The  teacher  did  not  state  the  correct  answer:  and  cuch 
sore  serious  consideration  was  given  to  the  errors  and  the  'graph  is 
picture*  dsconception  which  underlay  cost  of  thes.    Secondly,  the 
te'cher's  oain  contribution  was  to  ecp.iasise  a  strategy  for  working,  m 
particular,  that  expressed  in  the  f^ow  chart.    Finally,  the  lesson  closed 
with  a  reflective  discussion  on  what  had  been  learned  -  the  pupils' 
attention  was  drewn  explicitly  to  the  tendency  to  regerd  graphs  as  pictures 
end  to  the  need  to  resist  this  ano  to  think  specifically  about  the  relation 
between  the  veriable  represented  on  the  graph. 

PUPILS*  ATTAIHKENTS  -  DESIGN  OF  THE  TEST 

Five  of  the  eight  Questions  on  the  test  have  been  illustrated  end  discussed 
in  the  previous  section.   The  eight  questions,  between  chea,  covered  the 
five  sspects  of  graphical  understanding  described  ebove,  and  they  asked  for 
responses  in  four  aodes.    These  were  (a)  Interpreting  a  given  graph,  by 
resoondinit  to  specific  auestioas  (eg  Sugsr  Prices),  (b)  Intemretlng  by 
descrlbinK  the  situation  represented  (eg  Country  ^alk),  (c)  Sketching  the 
graph  froa  inforsation  about  the  situations  (eg  Coach  Trip)  or 
diagraaaatically  (Going  to  School),  and  (d)  ExDlaining  the  reasons  for 
one's  answers.    There  was  alao  a  question  which  esked,  Whet  is  a  graph^, 
end  one  which  referred  not  to  real  situetions  but  to  'pun'  graphs  -  it 
aaked  about  the  coordinates  of  further  points  on  a  given  line,  eg  how  Mny 
points  between  (2,5)  and  (3,7),  aark  6.6,  ]C.2    end  so  on.    ?  Is  last  was 
froa  the  CSNS  graphs  test  and  was  included  to  provide  a  comparison  between 
our  clesses  and  their  national  saaple. 

Soae  of  the  results  on  the  different  questions  are  given  below,  with  e 
coaparlson  aaocg  the  whole  set  o:  eight  classes  and  each  of  the  two  classes 
where  the  particular  different  teaching  ecphases  were  being  given.  Thty 
show,  in  feneral,  quite  large  geins,  and  also  Quite  large  differences 
favouring  the  class  where  there  was  special  eephasis  on  critical  discussion 
and  on  reflection  on  what  had  been  leemed  in  each  lesson. 

TEST  RESULTS 

Ql    Write  a  short  description  explaining  what  a  rraoh  is 

This  wts  a  very  difficult  question  to  answer  adeouatelv.  It  showed  little 
difference  in  response  pre-^ost,  or  between  classes  IIA.  119  and  the  whole 
saaple. 

I?. 
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^2    yo*Pt»  aci  coordlntttt  on  £   pun  *  ttfight  lint  rrtoh, 


SmII  iaprovtatnc*.  Tht  aosc  difficult  questions  wcrt  on  dtciasl 
coordinatss  snd  nuab«r  of  points  bctwten  givtn  points  or  on  whole  lint. 

0^  Sufs r    Six  points  shovni  axss  cost/weight.    Qutstions  about 
Issst,  grsstsst,  ssat  costs,  wtights.  bsst  value.    The  Man  gains  for 
classss  IZAt  III  and  tht  whols  sasplt  are  shown  for  each  psrt  of  the 
qusstion.    Vt  shall  not  givt  such  dttallsd  rttults  for  all  questions;  :hsst 
qusstion  3  rssults  ars  typical. 


Id  «lMCk>«t««ftllMMMC»CitW* 

ii»  wiMrhi««f«#«ciM««<Mrr<cr' 

(f)  *iHrtrtPS<wC»«**Jl«»»««w».>vj».«'«*«t« 

He*  n*  w  •tir 
1^1  wmcot^wMtowwMr**"^*****'"*^ '■'*'*"**'' 


PR£-fOST 
GAINS  : 

a 

b 

c 

d  e 

t 

t 

All 

♦19 

♦18 

llA 

*18 

♦19 

•8  •!9 

•16 

0 

113 

♦37 

♦16 

♦37  •^C 

«.}7 

♦16 

Msults  for  this  qusstion  show  ths  typical  pattsrn  of  gtnerally  oulte  large 
gains,  and  large  differsncts  betwssn  IlA  and  I1&  with  IIA  gsnsrally  < loser 
to  ths  rssults  for  the  whole  saapls. 

*    Ousstions  £i.  ij.  2.  and  8^  jirt  shown  in  thf  previous  section 

Country  Walk  (Dtscrlpcion  of  walk,  froa  distancs/tiai  graph). 

ttsults  show  a  siailar  pattsrn  co  thost  of  Q3.    Corrsct  rssponsss  ZiZ  - 

AOt,  •piceurt'  inttrprstation  26^  -  20S.  sptsd/tiat  inttrprttttions  ZIZ  - 
19S« 
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*QS  Going  to  School  (Intsrprsting  poiats,  sketching  graph  of  joumty). 
Cenwrally  largs  gains  but  no  consistsnc  diffsrencc  betwesn  IIA  and  XI5. 


llmOlU  lUc 


06  Hoisting  the  riai;    6  possible  eraphs  o:  height/:ioe  for  hoisting  £la?  c; 
pole,  hand  over  hand:  interpretative  response  and  descriptive  type 
questions.    Fair  gains.  stDall  and  inconsistent  differences  between  IIA  and 
IIB. 

*Q7    Coach  Trip    Sketch  graph  of  cost  per  ptrson  ag*i.nsc  nuabsr  in  party 
(invsrss  proportion):  sxplain  jrour  graph. 


CAIHS 

Sketch 

Explsnation 

All 

♦4 

IIA 

-4 

♦4 

IIB 

♦38 

♦5 

A  rather  good  lesson  on  this  is  class  IIB!    But  still  the  quality  of  the 
txpLanacions  wars  not  auch  iaproved.    Host  rssponsts  did  not  go  beyond 
*aors  psopls,  Itss  cost*,  which  would  have  gainsd  part  as  ks. 
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•Q8  Moton»«ir.  Petrol  Graph  of  pecrol  io  t«nk;  Journty  with  2  refills. 
Differences,  lostrpretatlvc,  response  type  questions.    Where  sost  petrol 
bou^t,  vheo  run  ouc  if  z.*it  refilled. ««    9  part  questions,  pattern  of 
raspojpses  very  slallar  to  Q3.    Mean  fains  All  ♦3.5:.  ZlA  *(>Z,  ZI&  ♦  iBt. 
Foil  details  of  the  qucscloos  and  results  are  {Iven  In  Card  firekke's 
report. 

CONCLUSIONS  nCM  TEST  RESULTS 

Colof  b«yood  the  feoaral  observation  of  substantial  gains,  and  greater 
iaproveaeots  lo  class  IIB  than  in  IIA.  It  is  alco  clear  that  providing 
explaoatloos  was  difficult  for  the  pupils  aoJ  :hat  on  this  aspect  t:iere  vas 
little  difference  betwen  the  two  observed  claaaes.    Hie  rather  corn  What 
is  a  Craph^  question  also  shows  little  isprovecent.    This  uoul^  ku^ges:  a 
cooclualoo  that  those  aspects  Icprovtfu  were  those  where  the  actual  tasn 
required  by  the  test  question  was  closely  slallar  to  tnat  reoulrtd  In  the 
teaching  sltuttlCt**.    General  descriptions  and  written  explanations  of 
reasons  for  answers  vere  not  auch  devanded  in  the  teachi'g,  and  were  not 
laprovad.    Si&ilarly,  che  questions  on  the  'pure'  grapn  involving 
Interpretation  and  Identifying  pointa  with  decisal  coordinates  »ere  not 
treated  in  the  taachlng,  and  J9tt  not  auch  isproved.    On  the  oLtit:  hand, 
the  reading  and  interpretation  of  dlfferencea  and  Interval!,  required  m 
tha  Motorway  Journty  (petrol)  question,  waa  not  specifically  taught,  yet 
did  show  large  increases  in  aost  parts.    It  would  seeo  that  the  skills  of 
careful  interpretation  and  attention  to  the  values  end  changes  of  the  two 
variables  were  capable  of  transfer  to  difference  readins:  but  :hat  for 
greater  aucceaa  *Ath  exrlesatloos,  aoae  aore  specific  teaching  is  needed. 
For  exaanle,  it  sight  help  if  one  tried  to  develop  the  awareness  that  one 


Kist  try  to  account-for  ell  aspects  of  the  response  wnlch  is  to  be 
explained.     Perhaps,  better,  one  might  give  specific  practice  in  writing 
expUnatlons  and  then  discussing  theo  critically,  possibly  by  passing  tneo 
round  the  group  and  choosing  or  constructing  ^  best  one,  and  also  by  ^.lass 
discussion  of  some  written  onto  overhead  transparencies. 

ATTITUDE  QUESTIONNAIRt 

At  the  end  of  the  teaching  seouence,  all  pupils  were  asked  to  complete  a 
3-questlon  feedback  sheet,  as  follows: 

1.  Hov  interesting  were  the  lessons? 

very  interesting/quite  interesting/not  very  interesting/bor.ng. 

2.  How  hard  did  you  work? 

very  hard/quite  hard/oulte  lazy/very  lazy. 

3.  Kow  auch  did  you  learn? 

a  great  deal/quite  a  lot/not  very  &u?h/ver'  little. 

When  these  responses  are  s':ored  ♦2.         -I,  -2  and  the  aean  score 
calculated  for  each  of  the  8  classes  we  find  that  on  each  of  the  three 
aeasures  cluss  IIA  is  the  Iv'est  and  113  the  highest.    For  exaeole,  for  Ql. 
on  Interest,  the  aeans  vere       are  the  hig*ic$:  and  IV  the  lowest  sets): 

lA         IB         IIA         :iB  IIlA         IIIB         :VA  IVB 

♦0. 1      *0.9     -0.5        ^1.3       *0.2        +0.5         *0.5  *0.6 

Thus  the  general  level  ol  response  is  soscvhat  towards,  but  below,  the 
•oulte  interesting'  level,  but  IIB    gets  above  this,  towards  the  'very 
interesting'  level.    IIA  is  getting  down  towards  'not  very  interesting'  cut 
reaalos  a  little  higher.    The  patterns  for  the  other  two  questions  vere 
very  similar,  eg  for  Q3.  IIA  was  -0.6  and  IIB  -t-I.Z. 

Thus  it  IS  clear  chat  the  reflective  discussion  aspect  uf  the  IIB  class 
teaching  was  generally  welcomed  and  felt  to  be  a  good  learning  situetion, 
whereas  the  oppositely  polarised,  more  directive  teaching  IlA  vas  rather 
less  well  liked,  and  though*-  to  be  a  sooewhat  1       effective  learning 
situation  than  the  average.    Of  course,  we  are  not  cocparing  disembodied 
methods  but  rather  these  methods  with  those  teachers,  for  vnos  these 
methods  were  their  usual  ones,  though  «ccentuated  for  the  purpose  of  the 
experioent.    The  teacher  of  class  IIB  also  reports  tiat  the  boost  to  the 
pupils'  recognition  of  the  value  o^  critical  peer  group  discussion  and  of 
their  skill  in  using  it,  which  occurred  during  this  period  of  special 
emphasis  on  it,  has  remained  with  them  and  is  still  visible  in  their 
approach  two  year«  later. 
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Finley  (1983)  has  argued  that  the  philosophy  of  Gagne's 
science  processes  is  based  in  empiricism  and  induction  and 
suggests  that  the  commitment  to  the  two  philosophical 
positions  has  influenced  both  the  scientific  knowledge  and 
the  manner  in  which  such  knowledge  is  taught.   He  concludes 
that  because  of  the  inherent  problems  in  empiricism  and 
induction,  process  based  science  curricula  perpetuate 
erroneous  or  simplistic  views  of  science.    In  Finley' s 
estimation  it  is  necessary  that  individuals,  in  science 
education,  restructure  their  views  of  the  nature  of  science 
if  we  want  to  avoid  misrepresenting,  to  students,  the 
process  aspect  of  ocience. 

I  contend  that  F1nley*s  argument  is  accurate  as  far  as 
he  has  carried  it  but  through  the  examination  of 
epistemology  It  becomes  evident  a  more  basic  difficulty 
exists.   That  difficulty  is  the  world-view  of  empirical- 
analytic  science.    Habermas  (1971)  critiqued  the  conceptions 
of  science  found  in  the  writings  of  philosophers  and 
practioners  of  science  and  he  concluded  that  there  is  no 
single  model  of  science.    Instead,  he  concluded  that  there 
are  three  forms  of  scientific  Inquiry:  "empirical-analytic 
science,  hlstorical-hermeneutlc  science,  and  critical-social 
science."   Each  form  of  science  is  governed  by  individuals* 
particular  Interests.   These  Interests  are  basic  to  humans 
and  characteristics  associated  with  such  interests  are 
connected  to  specific  dimensions  of  the  social  world.  On 
this  basis  scientific  knowledge  is  not  a  pure,  valus-free 
product  of  an  objective  methodology;  instead  It  Is  the 


60       product  of  an  orientation  that  determines  the  type  of 

activities  to  be  pursued  as  well  as  the  form  of  knowledge 
that  is  warranted.   The  empirical-analytic  orientation  is 
the  dominant  world-view  in  our  society  and  it  is  one  in 
which  individuals  view  the  world  in  a  technological  way. 
Major  values  of  this  orientation  are  control,  certainty, 
predictability  and  efficiency.    In  conjunction  with  the 
values  there  are  imnutable  laws  which  permit  people  to 
identify  cause  and  effect  relationships.    Individuals  who 
adopt  this  orientation  view  themselves  as  applying  a  method 
through  which  they  control  events.    In  effect,  .hey  separate 
individuals  from  the  world  and  view  the  world  as  an  object. 
With  the  objectification  of  the  world,  knowledge  is  reified 
and  it  comes  to  have  meaning  other  than  in  the  minds  of  the 
individuals  who  constructed  it.   Associated  with  this  view 
is  a  tradition  of  understanding  scientific  progress  as  an 
accumulation  and  synthesis  of  objectified  i'.nowledce. 
Open-endedness  and  scientific  progress 

Biology  textbooks,  such  as  Andrews  (li?80;,  directly 
link  the  nature  of  science  attribute  of  open-endedness  to 
scientific  progress.   Such  representations  of  scientific 
progress   eflect  the  received  expansionist  view  (Rescher, 
1984)  of  progress  in  which  science  is  seen  as  inevitably 
being  a  continuous,  unfinished  process.    Part  of  the  process 
is  the  asking  of  questions  and  there  is  an  assumption  that 
the  number  of  possible  questions  continually  expands  because 
the  experimental  process  raises  more  questions  than  it 
^       resolves.    In  addition,  recent,  <:ijperior  science  is  seen  as 
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answering  all  past  questions  as  well  as  answering  present 
questions.   This  means  scientific  progress  is  associated 
with  knowledge  accumulation.   Open-endedness  is  understood 
in  terms  of  further  support  for  an  explanation  for  a 
question  arising  from  a  current  question  or  answer. 

In  this  paper  I  maintain  that  this  interpretation  of 
scientific  progress  is  a  result  of  viewing  biology  from  an 
empirical-analytic  orientation  and  this  philosophical  stance 
contributes  to  students'  conceptions  of  scientific  progress. 
The  argument  is  developed  around  evidence  of  teachers'  and 
students*  responses  to  questions  posed  during 
semi-structured  interviews.    The  questions  focussed  on  the 
person's  philosophy  of  science  as  it  relates  to  biological 
knowledge  and  scientific  progress.    The  outcome  of  the 
argument  is  the  identification  of  conceptions  of  scientific 
progress  and  factors  that  are  influential  in  the  formation 
of  students-  conceptions. 
Data  source 

A  series  of  informal  discussions  were  conducted  in  two 
separate  situations.    In  the  first  situation  three  high 
school  biology  teachers'  lessons  on  nutrition  were  recorded. 
The  researcher  assumed  that  the  unsettled  nature  of  the 
topic  are*,  gave  the  teachers  opportunities  to  present 
biology  as  a  creative  endeavour  that  deals  with  tentative 
knowledge.   An  informal  discussion  was  held  with  each 
teacher  at  the  completion  of  the  individual's  lessons.  Each 
discussion  lasted  approximately  one  hour  and  the  questions 
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centered  around  the  person's  philosophy  of  science  and  how 
it  was  reflected  in  the  lessons. 

The  second  situation  that  provided  a  data  source  was  an 
introductory  biology  class  in  a  large  adult  education 
institution.    The  ad'jlt  students  were  enrolled  in  a  program 
to  up-grade  their  academic  qualifications  in  order  that  they 
may  attend  post-secondary  institutions.    Of  the  24  students 
in  the  class  9  volunteered  to  discuss  their  conceptions  of 
scientific  progress  with  the  researcher.    The  group 
consisted  of  2  males  and  7  females,  20  to  37  years  of  age 
(mean  =  27),  who  had  last  attended  a  science  class  2  to  22 
years  ago  (mean  -  9.7).   The  interviews,  which  varied  from 
25-65  minutes  (mean  =  50),  were  based      questions  that 
reflect  the  unfinished,  expansionary  image  of  scientific 
progress  portrayed  in  textbooks.    For  example,  questions 
such  *s  the  following  were  used  to  elicit  students' 
conceptions  of  biological  prcyress:   Has  biology 
progressed?,  In  terms  of  biology,  what  is  scientific 
progress?.  Are  there  more  questions  in  science  today  than  in 
past?.  Have  you  heard  of  science  being  described  as 
open-ended;  if  yes,  what  does  that  mean  to  you?  What  factors 
in  your  schooling  influenced  your  view  of  scientific 
progress? 

All  interviews  were  conducted,  by  the  researcher,  on  an 
individual  basis.   The  questions  wer^  not  worded  in  an 
Identical  manner  for  the  three  teachers  nor  for  the  nine 
students  because  the  participant*;'  situations  and 
experiences  determined  what  was  relevant.   Despite  slight 


changes  in  wording  of  the  questions  the  intent  remained 

constant.    Therefore,  I  contend  that  the  data  provide  access 
to  teachers*  and  students'  conceptions  of  scientific 
progress. 
Data  analysis 

Verba  im  transcriptions  of  the  teachers'  and  students' 
interviews  were  prepared.    The  teachers'  data  were  analyzed 
according  to  the  subject  perspective.    That  is,  the 
following  guiding  questions  were  asked  of  the  information 
contc:1ned  in  the  transcripts: 

(1)  What,  according  to  the  teacher's 
definition,  constitutes  biology  as  an 
area  of  study?, 

(2)  What  is     e  rationale  for  the  '''^acher's 
knowledge?,  and 

(3)  How  is  the  te.  iier's  view  of  a 
discipline  reflected  in  the  lesson 
material? 

The  students'  data  were  analyzed  for  the  backing,  or 
justifications,  used  as  foundations  for  their  conceptions  of 
scientific  progress. 

The  analyses  were  validated  on  an  individual  basis  by 
having  the  teachers  and  students  comment  on  points  they 
agreed  with,  disagreed  with  or  did  not  understand.   On  the 
basis  of  the  comments  the  analyses  were  rewritten. 

From  the  initial  data,  portions  of  the  int  r   ews  of 
one  teacher  and  two  students'  have  been  selected  as 
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examples  of  conceptions  of  scientific  progress.  In 
addition,  the  examples  provide  insight  into  factors  that 
influence  the  students*  conceptions.    In  the  presentation 
below,  the  discourse  is  presented  in  the  left-hand  column, 
and  comnents  are  presented  in  the  right-hand  column.  The 
symbol  T  signifies  the  teacher;  S-1,  S-2  et  cetera  signify 
the  students;  R  signifies  the  researcher. 


Episode  I 

This  episode  is  from  the  interview  with  a  teacher  who 
has  taught  biology  for  nineteen  years.    The  teacher  holds  a 
baccalaureate  in  biology  education  and  a  master's  degree  in 
curriculum  development  in  biological  sciences.  The 
interview  begins  with  a  question  based  on  the  manner  of 
presentation  in  the  observed  lessons. 
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Discourse 

R:  — 

Now,  something  that  you  have 
done  in  the  class   that  I 
noticed,  was  you  i..ade  a 
specific  point  of  teaching 
the  history  of  biology  as 
you  went  through  that 
section.   Do  you  normally 
make  a  practice  of  doing 
that? 

T:    On  this  particular  topic, 
for  some  reason  I  emphasize 
it  more  than  other  topics. 
Because  the  book  presents 
quite  a  few  men  in  the 
treatment  of  the  subject  and 
secondly,  I  guess,  I  find  n 
an  opportunity  to  see 
progression  more  clearly 
than  in  some  other  fields. 


So 


Comments 


The  teacher  had  presented 
the  autotrophic  lessons 
in  a  chronological  fashion 
and  major  experiments 
were  highl ighted. 


The  teacher's  explanations 
presented  the  experiments 
as  a  series  of  directly 
related  events  that 
bui It  on  one  another. 


During  the  lessons  the 
teacher  did  not 
verbalize,  to  the 


Tm  aware  of  it.   But  you  can 
see  how  ideas  grow.  Starting 
quite  early  and  how  they 
progress  and  become  more 
and  more  complex  and  more 
more  compl icated.  — - 
I  think  it  is  an  opportunity 
to  point  that  out.  Whether 
the  students  get  that  I 
don't  know,  but  I  definitely 
was  trying  to  say  O.K.,  the 
first  questions  that  were 
asked  and  the  way  they  were 
answered  was  certainly 
different  than  the  questions 
questions  being  asked  now 
and  the  way  they're  being 
answered  now.    Or  the  way 
answers  are  being  sought  now. 

R:   Why  do  you  feel  that 
.the  history  and  the 
philosophy  behind  those 
experiments  is  important  to 
offer  the  students? 


students,  that  he  was 
artificially  connecting 
the  experiments  and  that 
many  other  e.  periments 
would  also  have  been 
conducted.   The  idea 
of  progression  was 
implicit    in  the  lessons. 

The  teacher's  treatment  of 
questions  was  explicit. 
Specific  statements  were 
made  concerning  the  gradual 
increase  in  the  number  of 
questions  as  well  as  the 
complexity  of  those 
questions. 


Researcher  attempts  to 
establish  the  reason  for 
the  teacher's  approach. 


Is  there  an  objective  behind 
your  presentation  of  it? 

T:    I  don't  see  any  value  in 
learning  Priestly's  name  and 
the  date  unless  I'm  using  that 
to  communicate  progression 
and  how  knowledge  grows.  — 


Teacher  states  a  basic 
premise  of  his/her 
conception  of  biology  and 
biological  knowledge. 


Comments  on  the  teacher's  conception 

Observations  related  to  the  teacher's  presentation  of 
biological  knowVidge  led  me  to  the  inference  that  the 
teacher's  conception  of  biology  was  strongly  influenced  by 
emp  ricism.    This  term  refers  to  the  notion  that  reliable 
inferences  are  produced  by  an  experimental  method  based  on 
sense-axperiencp  and  controlling  variables.    During  a 
validation  discussion  the  teacher  agreed  with  the  inference 


and  identified  the  scientific  method  provided  by  Arms  and 
Camp  (1979,  p.  3)  as  an  accurate  representation  of  his/her 
conception  of  biology.    There  is  consistency  among  the 
teacher's  view  of  biology,  understanding  of  scientific 
progress  and  the  presentation  of  a  gradual  expansion  of 
biological  knowledge  in  the  classroom  lessons.  The 
consistency  is  found  in  an  empirical-analytic  orientation  to 
biology. 
Episode  2 

The  following  two  excerpts  are  from  the  student 
interviews*    The  first  excerpt  is  from  the  discussion  with  a 
student,  S-1,  whose  last  science  class  was  a  grade  10 
biology  course,  17  years  ago. 


R:    What  is  different  about 
biology  today  compared  to 
100  or  200  years  ago? 

S-1:    Here's  what  I  think  of  it. 
We  started  off  with  the  cell 
theory  through  Hooke,  the  cell 
theory  through  the  cork  and 
now  we're  splitting  the  atom.  — 
And  back  then  you  weren't  even 
aware  of  such  things  as  atoms. 

R:    So,  has  biology  progressed? 

S-1:   Oh,  definitely.  Through 
the  questions  and  answers. 


Researcher  solicits 
data. 


S-1  implies  knowledge  ha 
increased  with  the 
passage  cf  time. 


S-1  demonstrates  the 
received  view  of 
scientific  progre*iR. 


R:  In  terms  of  questions  asked 
and  answered  years  [ago 


S-1:  [Well  they 

didn't  have  that  many  questions 
to  ask  years  ago,  because  they 
didn't  know  that  much  about  it. 


S-1  connects  thu  number 
of  possible  questions  to 
knowledge  accumulation. 


R:    So  when  you  say  they  didn't 
have  many  questions,  how  would 
you  measure  progress  in 
biology? 


Elaboration  requested. 


S-1:    Just  the  general  knowledge. 

R:    So  are  you  measuring  progress 
in  biology  by  the  number  of 
questions  we  can  [ask? 

S-1:  Yes. 


R:  Are  there  a  certain  number 
of  questions  we  can  ask? 

S-1:    We're  constantly  learning 
so,  the  number  of  questions 
constantly  increases. 


S-1  restates  the  idea  of 
knowledge  accumulation* 


S-1  associates  scientific 
progress  with  the  number 
of  questions  asked  and 
answered. 


S-1  suggests  scientific 
progress,  or  knowledge 
accumulation,  is  increasing 
in  conjunction  with  the 
questions. 


The  second  excerpt  is  from  the  discussion  with  a 
student,  S-2,  whose  last  science  class  was  the  equivalent  of 
a  grade  9  general  science  c^-rse,  23  years  ago.  The 
student's  image  of  scientific  progress  is  very  similar  to 
the  image  reported  previously.    Important  points  concerning 
the  foundation  of  the  conception  are  revealed  in  the 
following  discourse. 
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Discourse 


Comments 


R;  Can  you  think  of  anything 
in  your  past  where  you  have 
picked  that  up? 


Refers  to  previous  comments 
made  by  the  student  that 
scientific  progress  is 
reflected  in  the  increase  of 
questions  and  answe;  Also 
there  is  an  increase  in  the 
complexity  of  such  questions 
and  answers. 


S-2  indicates  the  concept  of 
scientific  progress  is  based 
on  experiences  in  certain 
science  classes. 


S-2:    I  think  it's  been 
from  my  general  interest 
in  the  out  of  doors  and 
taking  courses.  And 
also  from  this  current 
class  as  well.  ™  And 
science  generally,  you  have 
to  have  proof  or  a  certain 
amount  of  proof  before 
anything  is  accepted  by  those 
scientists  out  there.    So  it  has 
to  be  a  progression.    I  don't  see 
how  you  can  go  out  on  a 
completely  different  tangent. 

{The  discussion  continued  In  this  manner  with  the  student 
outlining  a  conception  of  proof  that  requires  control Iph 
experimentation.    The  student  provided  an  example  fror 
present  class  and  the  discussion  evolved  into  a  descrlpti 
of  how  molecular  bonding  was  taught.) 


R:    When  you  were  taught 
bonding,  how  was  that 
taught?   Can  you  describe 
that? 

S-2:   Urn,  [the  teacher]  did 
it  with  pictures,  on  the 
board  with  rings 
around  each  one.  ™. 

R:    So,  was  it  taught  to 
you  asTfact? 

S-2:   (res,  yes.   That  right. 


Request  for  data. 


S-2  describes  the  presentation 
of  the  Bohr  model. 


Request  for  the  student's 
backing. 

S-2  indicates  the  model  was 
presented  as  information 
that  is  certain. 
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Or  was  it  taught  as  a  Alternatives  suggested, 

theory?   That  there  are 
difficulties  with  it  but 
this  is  the  best  understanding 
to  this  point? 

S-2;    No.    I  took  it  as  a 
straight  fact. 


R:    When  you  think  of  bonding 
in  molecules  today,  how  do 
you  think  of  it?  — . 

S-2:    It  seemed  reasonable 
to  me.    Ya,  if  someone  were 
to  ask  rrtc!  that  question 
that  is  the  kind  of  answer 
I  would  give  them.  — . 
Tm  here  to  learn  biology 
and  that  is  what  the  guy 
is  teaching.   And  he  says 
this  is  this  and  that's 
what  the  exam  is  going  to 
ask  you.    And  if  you  want 
to  pass  the  exam  you 
write  the  correct  answers 
down.  Right? 

Comments  on  the  teacher's  and  students*  conceptions 

The  data  from  both  episodes  indicate  that  the  teacher 

and  students  understand  scientific  progress  in  a  traditional 

expansionist  view.   The  conceptions  are  characterized  by  a 

continual  increase  in  the  number  of  questions  that  are  poseo 

and  a  corresponding  increase  in  the  c-inplexity  of  the  issues 

dealt  with  by  those  questions.    The  teacher  data 

demonstrates  a  traditional  expansionist  view  that  is 

consciously  taught  and  it  is  done  for  particular  reasons.  A 

major  reason  being,  knowledge  of  the  natural  world  is  gained 

through  an  empirically  based  research  method  and  an 

effective  way  to  understand  the  natural  world  is  to  view 

knowledge  production  as  cummulative* 
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S-2  states  how  the  model  was 
understood. 


S-2  indicates  a  conception  of 
bonding  that  is  based  on  the 
Bohr  model  but  it  is 
understood  to  be  certain. 


S-2  states  a  justification 
for  the  conception  and 
implies  that  the  teacher 
established  it  through 
authority  of  position. 


The  student  data  illustrates  two  important  points. 
One,  the  traditional  expansionist  view  is  readily  accepted 
by  students.    Two,  students  establish  justifications  for 
knowledge  according  to  various  factors.   An  important  factor 
is  the  teacher's  style  of  presentation.    If  information  is 
provided  as  empirically  established  fact,  and  presented 
without  conflicting  evidence,  students  seem  to  accept  it 
unquestioningly.    Part  of  this  presentation  is  the  use  of 
the  teaching  role  as  an  authoritarian  position.  Students 
sp3ak  of  establishing  their  justifications  for  knowledge 
through  the  teacher's  authority  as  a  teacher  (Peters,  1967) 
and  not  as  an  authority  in  science  that  has  provided  a 
reasoned  argument.    In  the  case  of  S-2,  the  combination  of 
teaching  style  and  the  teacher's  control  over  examination 
results  directly  influenced  the  way  in  which  knowledge  was 
conceptualized. 
Conclusion 

Kuhn  (1970)  and  Lakatos  (1970)  suggest  that  the 
fundamental  commitments  of  a  paradigm  or  research  program 
drive  research  traditions.    That  is,  basic  conceptions 
determine  acceptable  problems,  the  manner  in  which 
investigations  are  conducted,  what  counts  as  data,  and  what 
is  considered  to  be  scientific  knowledge.    Part  of  a 
person's  fundamental  commitment  is  the  frame  of  reference 
the  individual  uses  to  view  the  world.    In  the  data 
presented,  the  empirical-analytic  orientation  is  dominant 
and  the  individuals  view  tne  world  from  an  objective, 
technically  oriented  stance.    An  important  element  of  this 


view  is  the  separation  of  people  and  the  world  such  that  it 
becomes  possible  to  investigate  phenomena  in  ways  consistent 
with  logical  empiricism. 

As  a  result  of  adopting  this  technical  orientation 
science  education  has  been  led  to  accept  a  reconstructed 
view  of  science  that  has  become  known  as  the  "Baconian 
scientific  method."    The  image  of  science  presented  by 
empirical-analytically  orienttid  teachers  is  a  logical 
process  in  which  scientific  knowledge  is  established  or 
discovered.    In  conjunction  with  the  scientific  process 
there  is  a  linear  accumulation  of  facts  and  concepts. 
Consequently,  scientific  progress  is  interpreted  to  be  a 
continual  expansion  of  questions  and  answers. 

In  bringing  this  paper  to  a  close,  it  becomes  evident 
that  students'  conceptions  of  science  are  influenced  by 
broad  epistemological  questions  such  as  world  views  and 
conceptualizations  of  knowledge.   Given  the  criticism  of  the 
traditional  conception  of  scientific  progress,  along  with 
the  empirical -analytic  viaw,  there   s  an  implicit  suggestion 
that  an  alternative  view  be  considered.    I  propose  that 
science  educators  consider  scientific  progress  from  a  frame 
of  reference  in  which  meaning,  instead  of   xplanation,  is 
the  central  issue.    This  means  shifting  philosophical 
perspectives  from  an  empirical-analytic  view  to  a 
historical-hermeneutic  view.    Such  a  view  casts  people  in  a 


role  where  individuals  give  meaning  to  situations  by 
interpreting  events.    In  such  a  view  a  per<;on  does  not 
consider  knowledge  as  an  object  that  has  direct 
correspondence  to  nature;  but  rather,  che  person  understands 
knowledge  to  be  a  human  creation. 
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A  Programmatic  Approach  to  Teaching  and  Learning 
About  Student  Understanding  of  Science  and  Natural 
Resource  Concepts  Related  to  Environmental  Issues 

Michael  J.  Brody 
University  of  Maine 
Orono,  Maine  04469 

The  problems  facing  science  educators  are  numerous  and 
scientific  literacy  of  youth  is  an  important  popular  concern.  123 
Over  the  past  several  years  science  education  in  general  has  been 
viewed  as  if  in  a  crisis  state  4  One  step  toward  solving  these 
problems  is  to  design  science  curricula  based  on  real  life  events, 
up  to  date  scientific  information  and  students'  existing 
knowledge  about  their  world.  Today's  environmental  problems 
and  issues  are  front  page  material  and  they  have  the  potential  of 
making  science  real  and  adding  meaning  to  both  teaching  and 
learning.  Science  and  environmental  studies  can  be  taught  as  an 
integral  unit  to  help  students  overcome  the  misconception  that 
science  is  only  for  scientists,  and  the  incorporation  of 
environmental  issues  into  the  present  science  cuiiiculum  can 
increase  the  relevance  of  science  topics  studied. 

The  University  of  Maine,  College  of  Education,  Science  and 
Environmental  Education  Program  has  instituted  a  graduate 
level  course  designed  to  help  students  learn  concepts  and  skills 
useful  for  the  development  of  environmental  education 
curricula  and  help  address  critical  problems  in  science 
education.  ESC  525,  Planning  the  Environmental  Curriculum, 
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is  a  practical  hands-on  workshop  experience  in  the  planning  of 
relevant  natural  resource-based  curricula  for  elementary, 
middle  and  secondary  students.  Each  semester  a  specific  topic  is 
selected  and  students  analyze  available  primary  information  and 
assess  public  school  students'  relevant  understanding  of  those 
concepts.  The  combined  scientific  and  student  knowledge  forms 
the  basis  for  the  design  of  meaningful  classroom  activities. 

Over  the  past  three  years  ESC  525  has  been  offered  twice  and 
has  involved  twenty  eight  imiversity  students  who  focused  first 
on  natural  resources  in  the  Gulf  of  Maine  (1985)  and  then  Acid 
Deposition  (1987).  These  topics  are  of  particular  interest  to 
people  in  Maine  and  Atlantic  Canada  since  both  are  critical 
international  resource  issues.  Several  students  have  gone  on  to 
design  and  implement  classroom  based  curriculum  based  on  the 
results  of  our  studies. 

The  strategy  used  in  ESC  525  is  described  in  this  paper  and 
involves  five  steps:  1)  identification  of  an  appropriate 
environmental  issue,  2)  concept  analysis  of  related  science  and 
naniral  resource  topics,  3)  design  and  implementation  of  student 
interviews  at  fourth,  eighth  and  eleventh  grades,  4)  analysis  of 
interviews  ?nd  5)  report  preparation. 

RATIONAL  rOR  METHODOLOGY 

NATURE  OF  PROGRAMATIC  RESE.\RCH  EFFORT 
Research  in  science  education  has  traditionally  b^^en  centered 
at  institutions  of  higher  learning  particularly  in  colleges  and 
departments  of  education.  These  programs  can  be  characterized 
by  particular  approaches  to  educational  research.  Among  these 
it  is  easy  to  identify  large  scale  programs  which  maintain  a 
"critical  mass  "  of  faculty  and  graduate  snidents.  This  number 
can  be  as  much  as  12  faculty  involved  exclusively  in  science 
education  .  Another  type  of  program  at  what  might  be 
considered  "mediiun"  size  state  universities  may  involve  from  4 
to  6  faculty,  and  yet  another  example  of  1  to  3  faculty  typifies  a 
"small  scale"  program. 


I4o 


It  is  these  small  scale  programs  ( the  University  of  M:  ^*ne  is  an 
example)  in  which  a  new  type  of  "programmatic"  effort  is 
evolving.  Unlike  "critical  mass"  or  "medium  size"  programs, 
smaDer  institutions  are  often  limited  in  funding  levels  and  in  fuU 
time  staff  and  faculty.  In  response  to  these  limitations  we  have 
focused  on  small  scale,  relatively  local  studies  and  the 
integration  of  a  research  team  approach  in  the  context  of 
our  graduate  course  offerings.  The  methodology  described  in 
this  paper  is  an  ouigrowth  of  this  evolution. 

It  is  important  to  note  that  small  scale  programs  can  effectively 
work  within  the  context  of  a  larger  progra;nmatic  research 
effort  which  can  be  international  in  scope.  In  a  recent  article  in 
the  American  Psychologist^  Susan  Carey  refers  to 
misconception  research  efforts  as  "a  highly  productive  cottage 
indi  try".  In  other  words  small  scale  programs  or  research 
efforts,  such  as  much  of  the  misconception  research,  may 
constitute  a  discrete  and  valuable  unit  of  effort  within  a  larger 
programmatic  research  thrust.  The  "cottage  in'\  .try"  analogy 
can  be  extended  and  elaborated  by  consider ^ig  the  changing 
nature  of  society  and  industry* 

In  the  late  sixties  and  early  seventies  there  was  a  growing 
ecological  conception  that  large  scale  agriculture  and 
development  programs  were  actually  depleting  our  resources 
and  contributing  to  i  decline  in  biological  diversity .2  This  was 
followed  by  the  popular  conception  that  society  was  changing 
from  an  industrial,  large  scale,  highly  cenralized,  mass 
production  age  to  a  communications  age  characterized  by  local 
small  scale  opportunities  and  networks  which  collectively  had 
the  potential  to  increase  our  productivity  and  effectiveness 
beyond  the  centralized  approaches.3 

^Carcy  S..  1986,  Cognitive  Science  and  Science  Education,  American  Psychologist,  Vol. 
41.no.  10. 1123.1130. 

^Leopold,  A..  1966»  A  Sand  County  Almanac,  A  Sierra  aub/Ballenlinc  Bo.  .  Oxford 
University  Press  Inc. 

%aisbia,  J.»  19882.  Megatrends,  Warner  Books  inc.  New  Yoiic.  NY. 
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If  we  consider  the  papers  included  in  the  Proceedings  of  the 
International  Seminai  on  Misconceptions  in  Science  and 
Mathematics^  (and  the  schedule  of  papers  presented  here) 
and  note  the  type  of  research  and  the  institutions  which  the 
authors  hail  from,  it  is  easy  to  see  that  there  is  a  trend  towards 
small  scale  programmatic  work  in  this  area.  Informally 
coUeagues  interested  in  misconceptions  research  have  referred 
to  a  "university  without  walls."  A  modem  conception  may  be  of 
a  diffuse  network  tli»-oughout  the  world  which  may  collectively 
have  a  synergistic  effect  on  our  understanding  of  particular 
educational  problems.  Thi*'  has  great  impHcations  for  the  future 
direction  of  research  in  science  education. 

In  response  to  the  basic  necessities  of  conducting  valid  and 
reliable  research  in  a  small  institution  in  a  predominantly  rural 
environment,  and  given  environmental,  social  and  economic 
indicators,  we  have  committed  ourselves  to  the  redesign  and 
innovation  of  our  teaching,  service  and  research  efforts.  This 
paper  describes  one  step  in  this  evolution  of  ideas  and  practice 
which  are  part  of  a  total  redesign  of  the  College  of  Education  at 
the  University  of  Maine. 

NATURE  OF  KNOWLEDG!: 

The  basic  assumption  in  th..  development  of  this  program  has 
been  that  knowledge  is  an  activity  in  which  individuals  (or  teams 
of  people  in  this  case)  paiw.  pate  and  constmct  new  knowledge 
based  on  previous  Imowledge.  This  seems  to  be  a  concept  which 
is  at  the  core  of  science  education  in  general  since  the  word 
science  itself  is  derived  from  the  French  ySciens  ,  meaning 
having  knowledge2. 

The  constructivist  perspective  is  a  view  of  science  which  has 
been  growing  in  popularity  as  evidenced  by  the  philosophical 

^  Helm.  H.&  J.  Novak.  1983.  Proceedings  of  the  International  Seminar  on 
Misconceptions  in  Science  and  Mathematics,  Comr.U  University.  Ithaca,  NY. 

^  V/ebster's  Seventh  New  Collegiate  Dicdonary,  G.&C.  Meniam  Company.  Springfield, 
MA. 
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and  theoretical  assumptions  underlying  many  of  the  recent 
papers  presented  at  national  conferences  such  as  the  National 
Association  of  Research  in  Science  Teaching.  1  This  has  been  a 
growing  trend  during  the  I980's  and  is  in  some  ways  a  reaction 
to  the  empirical  quantitative  studies  which  have  increasingly 
been  dismissed  as  having  little  practical  value  for  science 
educators. 

The  constructivist  perspective  in  science  and  particularly  in 
science  education  research  has  been  an  important  component  of 
Our  course  work.  Graduate  students  in  science  education  need  to 
be  exposed  to  these  ideas  not  only  in  the  context  of  science 
content  and  teaching  but  also  as  an  integral  guiding  paradigm 
for  meaningful  research  in  science  education.  ESC  525  attempts 
to  integrate  these  ideas  in  a  practical  "hands-on"  type  of  course 
offering. 

1 4  ATURE  OF  THE  LEARNER 

Learning  is  the  comprehension  and  acceptance  of  concepts 
which  are  intelligible  and  rational  to  the  learner.  Learning  is 
not  simply  the  acquisition  of  a  set  of  correct  responses  inymore 
than  science  is  simply  a  collection  of  laws  and  principles. 
Meaningful  learning  can  be  considered  a  process  of  conceptual 
change  which  occurs  in  two  distinct  phases,  assimilation  and 
at  .  lunodation  2  Assimilation  occurs  when  the  learner  uses 
exi     %  concepts  to  deal  with  new  phenomena;  accommodation 
occu*  <vhen  the  leainer  has  existing  concepts  which  are 
inadequate  to  allow  hinVher  to  comprehend  a  new  phenomena, 
and  the  leamermust  reorganize  his  or  her  existing  conceptual 
frameworic.  Therefore,  a  critical  condition  for  meaningful 

^  Nationa'  Assocaiion  of  Research  in  Science  Teaching,  1986, 59th  Annual  NARST 
Conference  Abstracts  of  Presented  Papers,  SMEAC  Informanon  Center,  Ohio  State 
University,  Columbus. 
Ohio. 

^Posner.  George  J.,  Strike,  Kenneth  A.,  Hewson,  Peter  W.,  &  Gcrtzog,  William  A., 
(1982).  Accommodation  Of  A  Scientific  Conception:  Toward  A  Theoiy  Of  Conceptual 
Change,  Science  Education,  66(2),  221-227. 


learning  is  for  the  teacher  to  determine  what  the  learner  already 
knows.  Of  the  nr»any  variables  that  influence  learning  in  science, 
the  learner  s  relevant  background  knowledge  and  his  or  her 
existing  internal  conceptual  framework  are  two  of  the  most 
inportant.123.  Once  this  information  is  obtained,  teaching 
strategies  may  use  what  the  learner  knows  to  add  new 
knowledge  to  the  conceptual  framework;  existing  concepts  must 
be  integrated  with  the  new  information  and  incorporated  into 
the  framework. 

Since  the  late  1970's  many  studies  have  focused  on  students* 
conceptions  of  the  world.4  These  studies  have  addressed 
scientific  concepts  related  to  heat,  the  nature  of  matter,  light, 
living,  photosynthesis,  the  human  body  and  others.  Although 
these  studies  have  led  to  a  greater  awareness  of  the  effects  of 
prior  knowledge  and  misconceptions  on  the  learning  of  specific 
science  concepts,  few  studies  have  dealt  with  the  student's 
knowledge  of  the  muhi disciplinary  aspect  of  current 
science/environmental  issues.  Our  research  at  the  University  if 
Maine  is  not  limited  to  a  particular  scientific  conception  within  a 
particular  discipline.  It  addresses  relevant  science  concepts  in 
relation  to  real  life  events  and  issues,  bringing  together  several 
natural  and  social  science  disciplines.  We  believe  this  is  a 
valuable  approach  since  it  deals  with  snident  knowledge  of 
larger,  more  inclusive,  conceptual  frameworks  rather  than 
isolated  notions. 


*Novak,  Joseph  E,  &  Gowin,  D.  Bob,  '1984).  Learmng  How  To  Learn.  Cambridge 
University  Press.  Cambridge,  England 

^West,  L.HT.,  &  Fcnsham,  P.R,  (1976)  Pnor  Knov/lcdge  Or  Advance  Organizers  As 
Effective  Variables  In  Chemical  Learmng,  Journal  Of  Research  In  Science  Teaching. 
13(4).  297-306. 

^Carcy,  S.  1986.  Cognitive  science  and  science  cducauon.  Am.  Psychologist.  41(10): 
1123-1130. 

Helm,  H.&  J.  Novak,  \9Z3,  Proceedings  of  the  International  Seminar  on 
Misconceptions  in  Science  and  Mathematics,  Cornell  University,  Ithaca,  NY. 


In  formulating  the  approach  to  our  research,  we  are  guided  by 
several  theoretical  perspectives:  (1)  before  assessing  student 
knowledge  in  any  domain,  the  major  concepts  and  organizing 
pr*.iciples  of  the  knowledge  domain  must  be  identified^ ;  these 
principles  should  be  broad  and  inclusive,  stressing  conceptual 
relationships  and  meaning  rather  than  isolated  facts,  (2)  the 
assessment  of  student  knowledge  through  interviews  provides  a 
more  comprehensive  picture  of  student  understanding  of 
concepts  and  concepraal  relationships  than  other  more 
frequently  used  assessment  techniques,  such  as  multiple  choice 
tests,2  and  (3)  the  assessment  of  knowledge  in  a  given  domain 
can  provide  information  useful  in  the  design  of  curricula  and 
educative  materials  that  address  the  conceptual  problems  and 
misconceptions  of  students  directly,  and  that  introduce  new  and 
difficult  concepts  in  ways  that  will  facilitate  non-arbitrary 
(meaningful)  linkage  of  those  concepts  to  existing  relevant 
knowledge  in  students*  cognitive  siructure.3 

The  modified  clinical  interview  approach  is  used  in  this  study 
to  determine  the  relevant  concepts  already  established  in  the 
cognitive  structures  of  the  students  involved,  and  to  determine  if 
they  are  inclusive  enough  to  incorporate  the  more  differentiated 
and  detailed  science  and  natural  resource  concepts  related  to 
environmental  issues^56.  This  approach  helps  guarantee  the 

^Cham;/agnc»  A  &  L.  Klopfci,  1984,  Research  in  Science  Education:  The  CogniUve 
Persp^*''Uvc  ip  H.  Holdzkum  and  P.  B.  Lutz  (cds)  Research  Wiifun  Reach:  Science 
Education,  Naoo?al  Insdtuie  of  Educauon.  Washington,  DC. 

^Novak,  Joseph  E.,  &  Gowin,  D.  Bob»  (1984).  learning  How  To  Learn.  Cambndge 
University  Press,  Cambridge,  England, 

^Ausubel,  DP.  J.D.  Novak  &  H.  Hanesian.  1978  Educational  Psychology:  A  Jognitiv  r 
View.  New  York.  Holt,  Rinehan  &  Winston. 

'^Ausubcl,  David  P.,  (1960).  The  Use  Of  Advance  Organizers  In  The  Learning  and 
Retention  of  Meaningful  Vrrbal  Material  Journal  Of  Educational  Psychology,  5 1(5). 
267-272. 


^Kahle,  Jane  Butler,  (1978).  A  Comparison  Of  The  Effects  Of  An  Advanced  Organizer 
And/Or  Behavioral  Objecdves  On  The  Achievement  Of  Disadvantaged  Biology  Students. 
National  Institute  Of  Education.  Washington,  DC  2-14. 


availability  of  relevant  anchorin*;  ideas  in  cognitive  structure, 
and  can  provide  a  vehicle  for  the  student  to  understand  the 
relevance  of  existing  concepts  which  is  a  necessary  condition  for 
meaningful  learning  1. 

The  rationale  for  this  study  is  based  on  the  importance  of 
estabHshed  concepts  available  v/ithin  the  cognitive  framework 
of  a  learner.  This  can  make  the  i.itroduction  of  potentially 
logical  new  concepts  meanirgful  and  provide  stable  anchorage 
for  the  new  concepts.  The  more  inclusive  concepts  of  a 
discipline  can  be  Uie  anchoring  concepts  or  subsumer,  helping 
learners  identify  already  existing  relevant  content  in  their 
cognitive  structure,  and  indicating  both  the  relevance  of  the 
existing  structure  and  the  material  to  be  learned.  The  principle 
goal  of  our  work  is  to  bridge  the  gap  between  what  the  learner 
already  knows  and  what  s/he  needs  to  know  in  order  to 
understand  basic  ecological  issues. 

One  specific  application  of  this  study  is  in  the  area  of 
misconceptions  and  naive  theories.  Naive  systems  show 
remarkable  consistency  across  diverse  learners,  and  are 
resistant  to  change  by  traditional  instructional  methods. 
Traditional  curricula  apparently  do  not  facilitate  an  appropriate 
reconciliation  of  pre-instructional  knowledge  with  the  content 
of  instruction.2.3  Our  work  is  designed  to  help  overcome  the 
severe  limitations  imposed  when  teachers  and  curricula  do  not 


^PeUa,  Miltcn  0.,  (1969).  Three  Levels  Of  Abstracuon  Of  The  Concept  Of  Equilibrium 
And  Its  Use  As  An  Advance  Organizer.  Journal  Of  Research  In  Science  Educadon.  6. 
11-21. 


^  Ausubcl,  D.P.  J.D.  Novak  &  H.  Hanesian.  1978.  Educational  Psychology:  A  Cognitive 
View.  New  York.  Holt,  Rinehart  &  Winston. 

^  Helm,  H.  &  J.D.  Novak  (cds).  1983.  Proceedings  of  the  Internadonal  SerJnar  on 
Misconceptions  in  Science  and  Mathematics,  Cornell  University.  Ithaca,  NY, 

^Champagne,  A.B.  &  L.E.  KJopfer.  1984.  Rcsearrh  in  science  education  the  cognitive 
psychology  perspective  in  D.  Holdkzim  and  P.B.  Lutz  (cds),  Research  Within  Reach: 
Science  Educadon,  Washington,  DC  Nauonal  Institute  of  Education 


take  the  students'  preexi'^ting  knowledge  structures  into 
consideration  before  the  presentation  of  new  concepts. 

METHODOLOGY 

The  topics  of  natural  resources  in  the  Gulf  of  Maine  (1985) 
and  Acidic  Deposition  (1987)  were  selected  as  relevant 
environmental  issues  in  the  state  of  Maine  based  on  a  survey  of 
popular  magazines  and  newspapers  published  in  Maine. 
Relevant  primary  scientific  research  publications  were 
identified  and  conceptually  analyzed  to  compile  the  content 
principles  related  to  the  topic  of  study.  The  content  was  concept 
analyzed  using  group  evaluation  of  concept  maps  constructed 
from  primary  research  articles.  These  were  separated  into  five 
subsuming  concept  areas;  geologic  and  geographical  concepts, 
physical  and  chemical  processes,  ecology,  economics,  and 
political  concepts.  Concept  maps  were  constructed  by  each 
individual  on  the  research  team  for  the  five  major  concept 
areas  ^  The  concept  maps  took  their  final  form  after  long 
discussions  of  conceptual  relationships  and  after  a  consensus  of 
the  entire  team  was  reached  (see  Figures  1).  From  the  five 
finalized  concept  maps,  content  principles  concerning  the  Gulf 
of  Maine  and  Acidic  Deposition  were  compiled  as  a  guideline 
for  student  interviews  (see  Tables  1  and  2). 


lNovak,Jr?q)hE..&Gowin.  D.Bob.  (1984).  Uarnmg  How  To  Uarn.  Cambridge 
University  Press.  Cambridge.  England. 
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Figure  1.  This  concept  map  includes  principles  6, 7,  and  8  from 
Table  1  on  the  Gulf  of  Maine  (1985).  It  covers  those  concepts 
related  to  ecology. 


TABLE  1 

CONTENT  PRINCIPLES  USED  IN  THE  ANALYSIS  OF 
THH  INTERVIEWS  CONCERNING  NATURAL 
RESOURCES  IN  THE  GULF  OF  MAINE  (1985) 


1.  The  Guif  of  Maine  is  separated  from  the  Atlantic  Ocean  by 
Georges  Bsnk  and  is  bordered  by  the  eastern  coastlines  of  the  U. 
S.  and  Canada. 

2.  The  ocean  bottom  is  continuous  with  the  continent,  has 
slope,  gets  progressively  deeper  and  is  interrupted  by  bottom 
features  such  as  channels,  banks  and  shoals. 

3.  Ocean  water  in  the  Gulf  of  Maine  is  characterized  by  low 
temperatures  and  salinity,  which  is  primarily  the  result  of  fresh 
water  inputs  from  the  continents. 

4.  Ocean  water  in  the  Gulf  of  Maine  is  nutrient  rich. 

5.  Water  in  the  Gulf  of  Maine  moves  because  of  wind  driven 
waves  and  currents,  river  inputs  and  tides,  which  collectively 
result  in  upwelling  and  imiformaly  mixed  waters. 

6.  Energy  flows  through  this  system  from  sun  to  plants  to 
animals. 

7.  Within  the  system,  plants  capture  light  energy  and  use  it  to 
make  food. 

8.  Within  the  system,  plants  and  animals  interact  in  a  complex 
food  chain  and  web. 

9.  The  Gulf  of  Maine  contains  valuable  living  and  nonliving 
resources  that  people  have  exploited  over  time. 

10.  Renewable  resources  in  the  Gulf  of  Maine(fish,  seals, 
lobster,  algae)  have  been  harvested  using  a  variety  of  traditional 
techniquesCdrags,  traps,  nets). 

11.  Nonrenewable  resources,  such  as  hydrocarbons  and 
gravel,  are  b^ing  considered  for  exploitation. 

12.  The  Gulf  of  Maine  is  also  considered  valuable  for 
recreation,  research,  tourism,  and  other  nonconsumptive  uses. 

13.  The  Gulf  of  Maine  has  traditionally  been  utilized  as  a 
common  resource  by  many  nations,  and  currently  tliere  is  a 
conflict  over  the  future  use  of  these  resources. 

14.  Disputes  over  resources  can  be  negotiated  by  concemed 
parties  through  mutually  agreed  upon  decision  making 
(negotiation). 

15.  In  order  to  insure  a  ba^nced  system,  management 
strategies  based  on  consti  vation  and  utilization  must  be 
practiced. 


INTERVIEWS 


In  our  first  study,  which  focused  on  the  Gulf  of  Maine  (1985), 
one  hundred  eighty-seven  students  (187)  from  twelve  schools 
(12)  were  interviewed;  sixty-four  (64)  4th  graders,  sixty  (60) 
8rh  graders  and  sixty-three  (63)  11th  graders.  In  the  second 
study  on  Acid  Deposition,  one  hundred  and  seventy  five  students 
from  eighteen  schools  in  Maine  were  interviewed:  fifty  ihree 
4th  graders,  fifty  three  8th  graders,  and  sixty  nine  11th  graders. 

Schools  were  selected  based  upon  interviewer  proximity  and 
convenience.  Where  possible,  interviewers  were  assigned  to 
interview  a  grade  level  close  to  the  level  at  which  they  had 
teaching  experience.  Interviewers  were  University  of  Maine 
College  of  Education  graduate  students  enrolled  in  ESC  525. 
Rural  and  urban  areas  were  both  well  represented.  In  each 
school,  students  interviewed  were  selected  from  a  particular 
class  based  on  the  willingness  of  the  teacher  and  the  students  to 
participate.  The  students  were  not  preselected  for  their  level  of 
achievement  in  science,  and  were  believed  to  be  representative 
of  a  heterogeneous  population.  Approximately  half  of  Ihe 
sample  were  fem?^es  and  half  were  males. 

Al±ough  schools  were  selected  primarily  on  the  basis  of 
proximity  and  the  convenience  of  the  interviewers,  both  urban 
and  rural  schools  were  represented  as  well  as  schools  in 
commimiiies  representing  a  range  of  socio-economic  levels. 
Samples  of  convenience  and  the  use  of  volunteers  have  the 
potential  of  introducing  sampling  biases,  but  we  believe  the 
heterogeneous  nature  of  our  final  samples  kept  sample  bias  to  a 
minimum.  This  is  supported  in  part,  by  general  agreement 
between  the  studies  and  similar  results  of  the  statewide  Maine 
Assessment  of  Educational  Progress  in  Science,  which  involves 
sampling  of  the  entire  student  population  in  4th,  8th  and  llth 
grades 1. 

^  Maine  Dept.  of  Educaiion  and  Cultural  Services,  1987,  Summary  Report  of  the  Maine 
Assessment  of  Educational  Progress,  Augusta,  Maine. 


Intervie'vers  were  the  same  students  who  had  previously 
analyzed  primary  research  documents  and  secondary  sources. 
Each  member  of  the  research  team  was  assigned  to  one  school 
system.  Literview  techniques  were  standardized  during  practice 
sessions  during  class  meetings  using  both  audio  and  video 
taping. 

Interviews  were  guided  by  general  lead  in  focus  questions, 
developed  from  the  previously  constructed  concept  maps.l  Lead 
in  questions  were  followed  by  more  specific  probing  questions 
based  on  the  concepts  maps,  to  determine  the  presence  or 
ab.sence  of  concepts  and  misconceptions,  and  the  student  s 
overall  understanding  of  the  major  principles.  Srandardized 
interview  props  were  used  to  sustain  the  interviewee's  interest 
and  to  focus  attention.  Each  interview  was  audio  taped  and  lasted 
approximately  twenty  (20)  minutes. 

DATA  ANALYSIS 
Each  member  of  the  research  teams  in  both  studies  scored  his 
or  her  own  audiotaped  interviews.  Prior  to  the  actual  scoring, 
the  research  team  reviewed  and  scored  several  sample 
interviews  to  help  improve  interrate-  scoring  consistency. 
During  these  class  sessions  interrater  agreement  exceeded  75% 
for  all  content  principles  in  a  random  sample  of  several 
interviews. 

After  completion  of  all  the  interviews  in  each  study, 
interview*  s  scored  their  taped  interviews.  For  standardization 
of  scoring,  Jie  principal  investigator  provided  a  form  which 
listed  specific  concepts  organized  under  each  of  the  12  major 
content  principles.  The  following  rating  system  was  used  to 
rate  student  knowledge  for  each  of  the  56  concepts: 


^Novak»  Joseph  Em  &Gowin»D.Bob»  (1984).  Learning  How  To  Learn,  Cambndge 
University  Press.  Cambidge*  England. 


0  -Concept  not  asked  b>  the  interviewer  or  not  cc     ed  well 

enough  to  be  rated. 

1  -  No  understanding  of  the  concept.  Student  either  had 

no  knowledge  or  had  only  misconceptions  of  the  concept. 

2  -  Low  partial  conception.  Student  recognized  or 

understoodpart  of  the  concept. 

3  -  High  partial  conception.  Student  recognized  and 

understood  most  of  the  concept. 

4  -  Complete  understanding.  Student  recognized  and 

understood  the  entire  meaning  of  the  concept. 

Misconceptions  were  also  identified  and  tabulated  as  they 
occurred.  Each  interview  tape  was  analyzed  and  rated  with  the 
above  scale.  The  mean  interview  score  for  each  principle  and 
the  grand  mean  interview  score  on  all  content  principles  were 
calculated  for  each  grade  level.  For  this  purpose, 
misconceptions  were  given  the  sanie  rating  as  completely 
missing  concepts  (0).  While  some  researchers  may  argue  that 
misconception  knowledge  interferes  with  learning  and  should  be 
scored  negatively,  others  contend  that  they  may  provide  some 
useful  cognitive  structure  and  should  be  scored  positively,  lliese 
positions  are  hard  to  document  explicitly,  and  it  is  even  more 
difficult  to  determine  just  how  positively  or  negatively  a 
misconception  should  be  scored.  Consequently,  we  assigned  a 
score  of  zero  to  student  misconceptions  to  represent  an 
intermediary  position  on  these  '^iews.  One  way  analysis  of 
variance  and  multiple  range  tests  were  used  to  detennine 
whether  the  mean  scores  of  4th,  8th  and  11th  grades  were 
significantly  different  from  one  another.  Similar  analyses  were 
done  to  determine  significant  differences  between  the  grand 
mean  scores  of  each  grade  level.  The  unit  of  analysis  was  the 
student  since  the  issues  and  topics  addressed  by  the  content 
principles  are  multidisciplinary  and  not  restricted  o  topics 
discussed  in  any  one  classroom  at  any  given  time.  Our  aim  was 
to  determine  overall  differences  between  4th,  8th  and  11th 
graders  knowledge  of  environmentally  related  science  concepts 
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and  issues  gained  through  an  array  of  experiences,  both  inside 
and  outside  the  school  environment.  We  were  not  comparing  the 
effectiveness  of  individual  classrooms  at  specific  times,  nor 
were  we  comparing  school  systems,  although  these  factors 
probably  contribute  to  variability  in  student  knowledge. 

INTER-RATER  RELIABILITY 

In  the  second  of  our  two  studies  which  focused  on  the  concepts 
related  to  acidic  deposition,  there  were  18  cooperating 
researchers,    each  of  whom  conducted  interviews  with 
approximately  12  students  from  one  of  three  grade  levels  in  15 
different  public  schools  in  Maine.  Each  researcher  evaluated 
each  of  his  or  her  own  interviews  to  rate  the  student's 
knowledge  relating  to  acidic  precipitation.    One  obvious 
concern  in  a  study  of  this  magnitude  and  complexity,  as  with  all 
qualitative  research,  is  that  of  inter-rater  reliability,  or  the 
degree  of  consistency  with  which  the  researchers  rated  the 
knowledge  of  the  students.  To  help  alleviate  this  concern  and  to 
report  reliability,  each  researcher  interviewed  students  from 
one  grade  level,  and  all  researcher;  used  the  same  set  of  concept 
maps  to  evaluate  their  interviews.  As  a  final  check  of  inter-rater 
reliability,  each  rater  evaluated  a  single  set  of  three  interviews  - 
one  from  each  grade  selected  as  being  representative  of  that 
level  of  knowledge.    ITie  inter-rater  reliability  was  then 
computed  as  a  function  of  all  researchers  rating  a  single 
interview  from  each  grade  level  and  as  a  function  of  researchers 
rating  a  single  interview  from  the  grade  level  which  they  had 
interviewed.  Intra-rater  reliability,  or  the  relative  stability  of  an 
individual  researcher  in  rating  a  series  of  interviews,  was  not 
considered  to  be  a  problem  based  on  a  random  sampling  of 
interviewers  who  had  checked  their  reliability  by  re-evaluating 
their  interviews  to  determine  their  rating  consistency. 

Inter-rater  reliability  was  calculated  for  each  of  the  concepts 
and  for  the  content  principles,  for  each  grade  level.  To 
calculate  the  reliability  level  for  each  concept,  a  stroke  tally  of 
ratings  for  all  interviewers  for  each  interview  was  compiled. 
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The  highest  agreement  in  a  given  concept  wa  divided  by  1 8,  the 
total  number  of  interviewers,  to  get  a  percentage.  This  was  used 
as  the  inter-rater  reliability.  Based  on  all  interviewers  scoring 
the,  same  three  interviews,  one  from  4th  grade,  8th,  and  1 1th 
grade,  reliability  was  rated  as  the  percentage  of  agreem^  :  on 
each  item.  The  scores  were;  4th  =59.3%,  8th=55%,  and  llth= 
54.7%. 

ANALYSIS 

Very  few  interviews  covered  all  concepts  found  in  each 
principle,  but  when  analyzed  collectively  they  provided  an 
adequate  sample  for  the  entire  set.  The  statistical  comparisons 
between  grades  were  compared  on  the  content  principle  level, 
not  by  comparing  individual  concept  knowledge.  Although  the 
knowledge  of  individual  concepts  is  desirable,  it  is  the  students' 
understanding  of  the  interrelationships  among  these  concepts 
that  is  important.  Concepts  are  considered  the  building  blocks  of 
content  principles  and  we  believe  these  principles  represent  a 
more  vi.lid  measure  of  the  students'  understanding  and 
knowledge  structure. 

Means  and  frequencies  were  calculated  for  each  content 
principle.  A  one-way  analysis  of  variance  (Alpha  =  0.05)  was 
conducted  for  each  principle  by  grade  level  and  an  F-ratio  was 
calculated  to  determine  if  the  differences  were  statistically 
significant.  If  a  significant  F-ratio  was  found  a  multiple  range 
test  was  done  to  determine  significance  between  the  grade  levels. 

RESULTS 

The  mean  scores  and  standard  deviations  for  our  first  study 
conceming  the  Gulf  of  Maine  (1935)  are  shown  in  table  3  and 
figure  2..  Content  principles  1  through  15  are  analyzed  by 
grade  level.  An  ANOVA  analysis  (alpha  =0.05)  was  performed 
to  compare  the  mean  principle  scores  among  all  three  grade 
levels.  Duncan's  muhiple  range  test  was  used  to  determine 
significant  differences  between  grade  levels. 
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TABLE  2. 


CONTENT  PRINCIPLES  USED  IN  THE  ANALYSIS  OF 
THE  INTERVIEWS  CONCE^MING  ACIDIC  DEPOSITION 


L  Geologic  processes  include  sedimentary  and  igneous 
processes  which  produce,  among  other  sedimentary  rocks  such 
as  limestone,  fossil  fuel  beds  as  coal  and  petroleum,  vulcanoes, 
and  intrusive  igneous  rocks  such  as  granite. 

2.  Acidic  precipitation  affects  the  way  various  rock  types  are 
weathered.  Soil  produced  from  sedimentary  rocks  tend  to  act  as 
buffers  against  the  effects  of  acidic  precipitation;  soils  produced 
from  igneous  rocks  have  little  buffering  capacity,  allowing 
aoidic  waters  to  leach  essential  plant  nutrients  from  the  soil  and 
also  to  liberate  metals  and  other  toxins  from  the  soils. 

3.  The  products  of  combustion  of  fossil  fuels,  and  to  some 
extent  volcanism,  contribute  sulfuric  and  nitric  oxides  and  dust 
to  the  atmosphere.  These  elements  contribute  to  the  production 
of  acidic  precipitation. 

4.  Chemical  poUutants  and  water  combine  in  the  atmosphere  as 
a  result  of  reaction  triggered  by  the  sim. 

5.  Weather  patterns  and  wind  currents  result  froi  .  differences 
in  heat  in  the  atm'^  nhere  and  the  earth's  rotation  and  result  in 
the  transportation  of  chemical  poUutants. 

6.  Ecology  is  the  study  of  aquatic  and  terrestrial  ecosystems 
including  living  and  nonL'ving  componen: 

7.  Living  components  include  product"'.,  concumers,  and 
decomposers  combining  to  create  a  foou  /eb. 

8.  The  system  can  be  altered  by  increa:>ed  acidity  afflicting 
growth,  reproduction  and  respiration,  aiid  may  indirec  Jy  cause 
death. 

9.  Industry  based  on  consumption  of  natural  resources  for  the 
production  of  materials  for  profit  can  lead  to  acid  deposition. 

10.  Acid  deposition  affects  natural  resource  utilization  in 
recreation  and  agriculture. 

11.  Acid  deposition  occurs  within  a  political  system  based  on 
local,  regional,  and  global  concerns. 

12.  Conflicts  may  arise  over  acid  depo;iition  possibly  leading 
to  confrontation,  negotiation  and/or  arbitration  resulting  in 
treaties,  regulation,  and/or  legislation  to  soI\  e  conflicts. 
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TABLE  3. 


Mean  Score 

Content 

Principle 


(  ±.  S.D.)  by  grade 


-416  SllL. 


ANOVA 
Grade 
11th  4th&8th  4th^. 


nmary; 

jl  comparisons 
1th  8th&]1th 


2 

1.3(0.6)  1.3(1.0)  1  3(0.6) 

NSD 

NSD 

NSD 

3 

1.0(0.5)  0.7(0.7)  1.0(0.6) 

* 

NSD 

4 

0.2(0.4)  0.3(0.6)  0.3(0.6) 

NSD 

NSD 

NSD 

5 

1.0(0.5)  1.1(0.7)  1.1(0.5) 

NSD 

NSD 

NSD 

6 

0.1(0.4)  0.9(0.9)  0.9(0.7) 

NSD 

7 

0.2(0  4)  0.6(1.0)  1.2(0.9) 

* 

8 

1.3(0.7)  1  4(1.2)  1.6(0.6) 

NSD 

NSD 

NSD 

9 

0.^(^  5)  0.8(0,6)  1.2(0.5) 

NSD 

10 

1.4(0.6)  1.6(1.1)  1.7(0  6) 

NSD 

* 

11 

0,1(0.3)  0.5(0.8)  0.8(0.7) 

* 

* 

12 

09(0.7)  1.0(0.8)  1.4(0.6) 

NSD 

13 

0.5(0.7)  0.6(0.9)     0.6(0.8)  NSO 

NSD 

NSD 

14 

0.8(0.7)  1.0(0.9)  \.5(0  6) 

NSD 

* 

15 

0.6(0.7)  1.0(0.9)  1.5(0.6) 

* 

GM  O.m.3)  \. 0(0.4)  1.2(0  4) 

* 

* 
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FIGURE  2. 
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Table  3.  and  Figure  2.  show  that  the  mean  interview  scores  for 
each  principle  at  each  grade  level  were  aU  relatively  low.  Table 
3.  shows  the  Gulf  of  Maine  (1985)  principles  for  which 
statisticaDy  significant  mean  score  differences  were  obtained 
between  grade  levels.  With  the  exception  of  priciples  6,  7,  11, 
14  and  15  these  grade  level  differences  were  small  and  dc  not 
represent  overall  differences  in  the  degree  of  concept 
differentiation  zx\d  comprehension  of  the  content  principles. 
Although  the  grade  level  grand  means  were  significantly 
different,  the  differences  were  small  and  indicate  relatively 
minor  overall  gains  in  comprehension  between  4th  and  11th 
grade.  The  grand  means  indicate  that,  on  average,  students  at 
each  grade  level  understood  only  a  few  basic  science  and  natural 
resource  concepts,  and  their  relationships,  concerning  the  Gulf 
of  Maine. 

In  our  second  study  concerning  Acidic  Deposition  (1987) 
statistically  significart  differences  were  found  on  all  of  the 
content  principles  except  for  principle  10,  but  only  in  the 
comparisons  of  principles  3, 4, 8  and  1 1  were  these  differences 
found  between  all  three  grade  levels.  On  all  of  the,  other 
principles  (1,  2, 5,  6, 7, 9,  &  12)  the  differences  were  only 
significant  between  fourth  and  eleventh  grade,  and  between 
eight  and  eleventh  grade,  out  not  between  fou;th  and  eigh-ii 
grades.  Although  Table  4.  and  Figure  3  indicate  that  students  in 
our  second  sample  understood  more  science  and  natural 
resource  concepts  than  the  students  in  our  previous  sample,  it  is 
apparent  thai  they  still  understood  only  a  small  fraction  of  what 
we  consider  necessary  for  a  fuU  understanding  of  these 
phenomena. . 
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Table  4. 

Mean  scores  and  standard  deviations  for  Acidic  Deposition 
(1987)  content  principles  1-12  by  grade  level  and  ANOVA 
summarj'.  ANOVAs  were  performed  to  compare  the  mean 
principle  scores  among  all  three  grade  levels.  Alpha  =0,05, 
Tukey  HSD  post-hoc  test.  *=Significant  differences,  NSD  =  no 
significant  difference. 


IVlean  Score  (  ±15.0.^ 'by  grade.  AT>r(JVA  Summary:  ~ 

Content  Grade  level  comparisons 

Principlg  4th — 81'l,  nth  4th&8th  4th&iith  8th&iith 


1 

2 

1.50f.46) 

1.63i.47) 

1,K«(.7()) 
\J6(.49) 

NSD 
MSD 

ns:d 

NSD 
NSD 

3 

1.36f.3n 

1.66f.52) 

l.85(.65) 

NSD 

4 

l,66f.39) 

1.87f.50) 

2.43(.65) 

NSD 

* 

1  64f.41) 

1.80f.57) 

2.42(.80) 

NSD 

6 

1.84r.57^ 

1.93(.63) 

2.89f.69^ 

NSD 

* 

7 

1.94(.56) 

1  87(.60) 

2.75f.76) 

NSD 

* 

8 

1.5ir.35^ 

2.10(.54) 

2,29f.73) 

* 

* 

NSD 

9 

2.10f.69^ 

2.12^,61) 

2.88^82^ 

NSD 

* 

10 

1.78f.56^ 

1.86f.69) 

2.15f,69) 

NSD 

NSD 

11 

1.45C46) 

1.80f.53) 

2,15f.69) 

12 

1.45f.46) 

1  80r,53) 

2.6K.82) 

GM 

1  6\(  30) 

1.77f.40) 

2.27(.44) 

Hi 
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Table  5.  $hows  generalir/jd  student  concepts  for  each  content 
principle  related  the  The  Gulf  of  Maine.  The  propositional 
MMtmemt  represent  what  we  could  expect  a  student  to 
imdMlMut  about  this  topic  before  instruction.  As  such  the  list 
ywvite  a  definite  plKt  at  which  to  begin  instruction  and  a 
basic  framework  on  which  to  build  new  concepts. 

Table  5 . 

Generalized  student  correct  concepts  for  each  of  the  content 
principles  related  to  the  Gulf  of  Maine  (1985). 


CONTENT 

PRINCIPLE  CORRECT  CONCEPT 


1.  The  Atlantic  ocean  is  bordered  by  the  eastern  coastlines  of 

the  US  and  Canada. 

2.  The  ocean  bottom  is  continuous  with  the  continents,  has  a 

slope,  gets  progressively  deeper  and  is  interrupted  by 
bottom  features. 

3.  Ccean  water  is  charactenzed  by  low  temperanire,  has  salinity 

and  rivers  ar^i  streams  run  into  the  ocean 

5.  Ocean  water  mixes  and  materials  move  around;  waves  are 

wind  driven  and  there  are  tides  caused  by  the  moon's 
gravity. 

6.  Plants  need  light  for  something  and  some  animals  feed  on 

plants. 

7.  Plants  need  light  for  something  and  some  animals  feed  on 

plants. 

8.  Plants  and  animals  interact  in  food  chains  and  webs. 

9.  We  have  been  fishing  in  the  ocean  for  a  long  time  and  there 

arc  resources  in  nature  we  use. 

10.  We  fish  for  fish  and  shellfish  using  nets  and  traps. 

11.  There  is  a  possibility  there  are  other  resources  off  our  coast. 

12.  We  use  the  ocean  for  swimming,  boating  and  beauty. 

13.  Conflicts  over  resources  exist. 

14.  Disputes  over  resources  might  be  solved  by  people. 

15.  Resources  can  be  conserved  and  utilized  if  you  are  careful. 
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Table  6.  similariy  shows  what  science  and  natural  resource 
concepts  we  can  expect  students  to  ur  derstand  about  acid 
deposition.  These  statements  form  the  basic  schema  which 
children  bring  to  the  classroom  related  to  specific 
environmental  problems,  and  can  fomi  the  basis  for  meaningful 
teaching  and  learning. 

Table  6. 

Generalized  student  correct  conceptions  for  content  principles 
related  to  Acidic  Deposition  (1987) 


CONTENT 

PRINCIPLE  CORRECT  CONCEPT 


1.  Different  types  of  rocks  can  be  recognized.  Fossil  fuels 

include  coal  and  petroleum. 

2.  Acidic  precipitation  affects  how  rocks  are  weathered.  Water 

can  carry  materials  out  of  the  soil. 

3.  Burning  fossil  fuels  contributes  to  atmospheric  pollution, 

which  contributes  to  the  production  of  acidic 
precipitation. 

4.  Chemical  pollutants  and  water  are  in  the  atmosphere. 

5.  Weather  and  wind  patterns,  moving  west  to  east,  carries 

pollutants. 

6.  Ecology  is  the  study  of  aquatic  and  terrestrial  ecosystems, 

including  living  and  non-living  things. 

7.  Food  webs  are  composed  of  series  of  interrelationships, 

8.  Systems  can  gradually  be  altered  by  increased  acidity  caused 

by  acid  raiii. 

9.  F    ories  product  things  for  profit,  which  can  lead  to  acidic 

>recipitation. 

IC      d  rain  has  a  negative  effect  on  certain  recreational  and 
agricultural  activities. 

11.  Within  local  political  systems  there  are  concems  related  to 

acid  deposition. 

12.  Acid  deposition  can  lead  to  conflicts  with  a  variety  of 

mechanisms  for  resolution. 


Since  die  mean  score  for  each  content  principle  at  each  grade  level  was 
low  and  indicated  only  partially  correct  responses,  we  realized  there  are 
crucial  concepts  in  each  principle  which  smdenls  were  lacking  Table  7. 
sumiiiarizes  some  of  the  more  complex  and  specific  missing  concepts  related 
to  the  Gulf  of  Maine. 

Table  7. 

Missing  Concepts  for  each  content  principle  related 
to  the  Culf  of  Maine  (1985). 

Content 

Principle  Missing  Concepts 

1.  Gulf  of  Maine  separated  from  Atlantic  by  Georges 
Bank. 

2.  Channels,  banks,  slicals;  distribution  and  size  of 
bottom  features. 

3.  Source  or  salinity,  concentration  and  dissolved 
gases. 

4.  Nutrients  and  their  role  in  ecosystem. 

5.  Current  patterns,  vpwelling,  uniform  mixing  and 
distribution  of  nutrients. 

6.  Energy  flow  and  conversions  in  ecosystem. 

7.  Microscopic  algae  for  primary  productivity.  Plants 
use  sGioT  energy  to  make  food. 

8.  Marine  species  and  distribution,  complexity  of 
trophic  relationships;  examples  of  food  chain 
relationships. 

9.  Non-living  marine  resources/exploitation  over 
time. 

10.  Renewable  natural  marine  resources. 

11.  Futurt;  exploitation  of  non-renewable  natural 
resources. 

12.  Oceanographic  research. 

13.  Future  exploitation  of  marine  resources,  common 
resources  exploited  by  many  nations,  k^^owledge  of 
conflict  and  utilization  process. 

14.  Mutually  agreed  upon  decision  making 

15.  Balanced  system,  management,  conservation  and 
utilization. 
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Table  8.  list  those  concept  propositions  which  we  found  to  be 
missing  from  the  knowledge  base  of  students  in  our  second  snidy 
related  to  Acidic  Deposition  (1987).  Both  table  st'nunarizing 
missing  concepts  provide  valuable  information  for  teaches  who 
are  interested  in  teaching  environmental  issues.  These  are  the 
critical  ideas  which  if  leamed  meaningfully,  allow  students  to 
make  informed  decisions  about  the  environment. 

TABLES. 

Missing  concepts  for  each  content  principle  related  to 
Acidic  Deposition  (1987) 


Content 

Principle  Missing  Concepts 


1.  Sedimentary  and  igneous  processes  produce,  sedimentary 
rocks  such  as  limestone  and  intrusive  igneous  rocks  such 
as  granite. 

2.  Soil  produced  from  sedimentary  rocks  tend  to  act  as 
buffers  against  the  effects  of  acidic  precipitation;  soils 
produced  from  igneous  rocks  have  little  buffering 
capacity,  allowing  acidic  waters  to  leach  essential  plant 
nutrients  from  the  soil  and  also  to  liberate  metals  and 
other  toxins  from  the  soils. 

3.  sulfuric  and  nitric  oxides  contribute  to  the  production  of 
acidic  precipitation. 

4.  Chemical  polluianu,  and  water  combine  in  the  atmosphere 
as  a  resuh  of  reaction  triggered  by  the  sun. 

5.  Weather  patterns  and  wind  currents  resuh  from 
differences  in  heat  in  the  atmosphere  and  the  eaidi's 
rotation. 

7.  Living  components  include  producers,  consumers,  and 
decomposers. 

8.  Altered  systems  affect  growth,  reproduction  and 
respiration,  and  may  indirectly  cause  death. 

9.  Industry  is  based  on  consumption  of  natural  lesources. 

10.  Acid  deposition  affects  natural  resource  utilization. 

11.  Political  systems  are  based  on  local,  regional,  and  global 
concerns. 

12.  Conflicts  lead  to  confrontation,  negotiation  and/or 
arbitration  resulting  in  treaties,  regulation,  and/or 
legislation. 
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The  interviews  in  both  studies  revealed  a  number  of 
misconceptions.  Most  striking  among  these  were: 

-coral  reefs  exist  throughout  the  Northi  Atlantic  Ocean 

-deep  aquatic  plants  don't  need  light 

-oceans  are  a  limitless  resource 

-there  are  no  political  boundaries  in  the  ocean 

-everything  in  an  ecosystem  dies  if  one  thing  dies 

-smoke  floats  around  then  disappears  or  evaporates 

-weather  comes  from  the  ocean 

-acid  rain  accumu^  les  in  the  food  chain. 

Broad  misconceptions  such  as  these  are  apt  to  influence  the 
meanings  students  generate  for  tfie  concepts  and  conceptual 
relationships  in  many  of  the  major  content  principles.  For 
exanple,  the  misconception  that  coral  reefs  exists  throughout 
the  North  Atlantic  (held  by  a  number  of  students  across  the  three 
grade  levels),  would  undoubtably  influence  these  students* 
conceptualizations  of  the  type  and  diversity  of  marine  life 
existing  in  the  North  Atlantic.  The  coral  reef  misconception  has 
very  direct  implications  for  how  new  information  can  be 
incorporated  into  tl    curriculum.  Since  the  Gulf  of  Maine 
characteristically  contains  cold,  nutrient  rich,  turbid,  green 
water  and  coiiJ  reef  formation  is  impossible  imder  such 
conditions,  this  misconception  must  be  addressed  before 
students  can  fully  understand  productivity  in  the  Gulf. 

Probing  during  interviews  revealed  tha;  snidents  gained  this 
misconception  primarily  by  watching  documentaries  on  tropical 
marine  Jifc.  It  appears  they  have  generalized  this  information  to 
all  oceans. 

CONCLUSIONS 
Several  general  conclusions  about  student  knov/ledge  of 
science  and  natural  resources  concepts  rela  to 


environmental  issues  emerged  from  the  two  studies: 

(1)  students  in  our  studies  learn  a  few  basic  science  and 
resource  concepts  in  the  elementary  grades,  relevant  to 
current  issues, 

(2)  there  is  relatively  little  further  assimilation  of  new 
con.cepts  or  differentiation  ^f  existing  concepts  as  these 
students  progress  through  the  grades,  and 

(3)  Overall,  the  level  of  understanding  of  basic  concepts 
and  principles  related  to  ecosystem  dynamics,  resource 
utilization  and  management,  and  decision-making  is  low, 
and  it  seems  that  many  students  do  not  understand  or 
appreciate  the  significant  role  of  the  environment  in  our 
socio-economic  past,  present  and  future. 
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Figure  4. 

In  Figure  4.,  the  grand  means  (overall  imderstanding  of  all 
content  principles)  of  each  study  are  compared  according  to 
grade  level  and  (error  bars  indicate  plus  or  minns  one  standard 
deviation).  Students  in  the  acid  deposition  study  understood 
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slightly  more  science  and  natural  resource  concepts  than 
students  in  the  Gulf  of  Maine  study.  It  is  possible  that  the  more 
widespread  publicity  and  press  coverage  given  to  the  issue  of 
acid  rain,  including  presidential  involvement,  has  provided 
more  informal  education  opportunities  and  has  influenced  these 
relative  scores. 

In  tenns  of  our  graduate  program  there  are  two  general 
conclusions  which  we  can  draw  from  these  two  studies.  First  the 
nature  of  our  research  program  has  been  greatly  enhanced  by 
the  involvement  of  graduate  students  in  course  work  designed  to 
provide  practical  experiences  in  research.  Second,  the 
constructivist  perspective  in  tenns  of  science  content  and 
educational  research  has  led  to  the  design  of  valuable  research 
methodologies. 

Finally  our  work  addresses  basic  issues  in  the  design  of 
meaningful  science  and  environmental  curricula.  A  viable 
curriculum  should  include  a  set  of  organized  experiences,  which 
will  aid  students  in  developmg  knowledge  and  awareness 
concerning  the  environment.   If  the  curriculum  takes  into 
consideration  the  existing  knowledge  of  students,  based  upon  the 
4th,  8th  and  iith  grade  generalized  statements  encompassing 
basic  science  and  natural  resource  content  principles  and 
directly  addressing  student  misconceptions,  the  curriculum  can 
be  a  more  meaningful  learning  experience  for  the  student. 
Our  smdies  can  lead  to  the  production  of  a  multidisciplinary 
curriculum  built  upon  current  knowleo^-j  and  that  addresses 
student  misconceptions.  Environmental  issues  involve  students 
with  real-life  topics.  We  believe  that  scienrific  facts  ftiust  be 
accumulated  and  analyzed  in  order  to  make  valid  value 
judgements  andthat  science  is  found  in  everyday  life  and  is  not 
just  the  rote  memorization  of  meaningless  facts  from  a  textbook. 
Environmental  studies  should  stress  the  inter-relationship  of  all 
life  and  the  factors  which  affect  life  on  earth.  To  preserve  this 
very  complex  and  fragile  ;>ystt  n  we  need  a  general  populace 
knowledgeable  in  the  area  of  science  and  natural  resources. 
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•MISCOMCIPTIOIIS-  ACROSS  SUBJECT  MATTERS: 
Science,  HetlieMtice  %wi  Pre^renmim 
Jere  Cenfrey 
DeMrt^M  ef  Etfvcetion 
Cereell  Ueiversitu 
ithice,  N  Y.  14853 

r/^  wrstevi!  resuUrng  from  theprecocwm  use  of  speech  by  young  children  fs  thet  ve  Mi  only 
fef!  to  un(krsiondihe  first  k-vrds  they  use,  ^e  misunderstand  them  )K^ithoui  koo  v*.^  it,  so  thei 
}Kfh}}etheyseemtoansver  uscei^rectiy,  they  fefUounderstond  us  end    them,  Thfsleckof 
ettentwnonour  pert  to  the  reef  meening  w'hfch  wvrds  heve  for  children  seems  to  me  iheceuse  or 
their  eerUestmis€0^lpti$»9,  end  these  misconceptions,  even  vhen  corrected,  colour  their 
h'hole  course  o.  Mughtfor  the  rest  of  their  life 
Emtle  J  J  RousseduJ760 


The  term,  misconceptions,  is  in  vogue,  like  the  term,  'concept',  or 
'meomngfulness'.  Us  definitions  and  conceptuolizotions  ore  logging  for 
behind  its  usage.  The  word,  -misconception"  ^  is  in  danger  of  becoming  a 
sophisticated  replacement  for  the  word,  "errors'*  Such  a  broad  use  of  the 
word  will  deny  a  research  tradition  a  fundamental  building  block,  one 
which  distinguishes  a  paradigm  of  research  in  science  and  mathematics 
from  its  more  behavionst  sisters,  and  as  I  will  argue  in  this  paper, 
maintaining  ihose  distinctions  is  vital  to  the  continued  health  of  the 
tradition 

My  goals  in  this  paper  are  three. 

1)  to  review  tnree  phases  in  the  history  of  "misconceptions" 
literature  y/ith  a  focus  on  the  language,  the  purpose  and  methods 
used, 

2)  to  distinguish,  within  the  second  phase  of  development, 
contrasting  trends  among  the  fields  of  science,  mathematics,  and 
comouter  science  in  misconceptions  research,  and 

h recognize  that  wUmn  the  misconceptions^ '  tradition,  criticisms 
of  the  me  J  misconceptions'  ore  recurrent,  ano'  alterndtive 
proposals  such  as  'stuc^snt  mental moc^els  \  'alternative 
conceptions  \  'c hi  Wren's  science:  naive  theories  'anc^  'criticH 
harriers  are  often  preferred  However  in  using  the  term,  I  am 
referring  to  a  tradition  of  research  on  misconceptions  later  m  th$ 
paper,  I  willcfiscuss  ihe  issue  of  naming  this  stahlehut  limited 
belief  systems 
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3)  to  propose,  within  the  third  phase,  a  conceptualization  of 
where  the  research  on  misconceptions  might  be  heading. 

Phase  One  The  headwaters 

The  current  trend  of  work  on  misconceptions  began  in  the  mid70s  when 
researchers  in  science  end  mathematics  began  to  document  that  students 
were  not  learning  what  it  is  that  teachers  and  researchers  thought  they 
were  Researchers,  who  became  increasing'^  skeptical  of  paper  and  pencil 
achievement  tests,  sought  alternative  methods  to  examine  student 
understanding.  People  realized  that  the  Piagetian  method  of  the  clinical 
interviewing  provided  such  an  alternative  method  ^f  assessing 
understanding.  In  mathematics,  this  tradition  begins  with  researchers 
like  Erlwanr-(1975),  Davis  (1976)  and  Ginsburg(1976)  who  pioneered 
work  which  locused  on  the  stud  nts'  conceptions    In  science,  Easley 
(1Q77)  and  Hawkins  (1974)  represent  the  beginmngs  of  this  tradition. 
Some  of  the  work  was  concept-specific,  such  as  Peck  and  Jenks*  (1979) 
work  on  fractions;  other  work  was  problem-specific,  such  as  Clement  and 
Lochhead's  work  on  the  translation  of  algebraic  symbols  in  the  students 
and  professors  problem  (Clement,Lochheod  and  Monk,  1979,  Clement,  1982). 

This  early  work  set  the  tone  for  much  of  the  later  work.  It  was  shown 
that  students*  conceptual  knowledge  was  weak  and  superficial,  and  that 
they  often  relied  on  memorized  procedures,  pa<U  experiences  and  informal 
knowledge  The  political  ramifications  of  the  studies  were  widespread,  as 
the  researchers  documented  the  resilience  and  pervasiveness  of  the 
misconceptions   Surprise  and  dismay  were  felt  by  audiences  as  they 
heard  reports  of  20-60X  correct  on  alarmingly  simple  problems. 
Furthermore,  there  was  an  enchantment  with  the  problems,  as  researchers 
reported  dismal  percents,  the  audience  was  often  lost  in  calculation  and 
problem  solving,  introspecting  on  their  own  tendencies  to  answer 
^erroneously,  and  their  care  not  to  fall  victini  to  the  enticement  of  the 
"trap" 

The  work  was  subject-matter  specific,  uet  it  was  not  entirely  isolated 
from  (he  cl-iissrcom  setting    It  defined  a  territory  which  built  from  the 
expertise  of  the  classroom  teacher,  the  identification  and  anticipation  of 
errors  It  also  appealed  to  the  mathematician  and  scientist,  since  the 
misconceptions  often  raised  questions  about  fundamental  concepts  It 
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confirmed  what  mong  able  teachers  already  suspected,  that  despite 
odequote  scores  on  achievement  measures,  many  students  held  major 
misconceptions  about  f  ndamentui  concepts  in  mathematics  end  science 
At  the  start,  misconceptions  were  defined  empirically  as  documented 
failures  of  large  numbers  of  students  to  solve  problems  which  apoeared  to 
be  related  to  fundamental  concepts  Neither  their  structure  nor  the 
structure  and  choice  of  problems  merited  any  substantive  explanation 
7»//ir.  surpns?.  ^fervdsiveness,  res:  I  fence  dnddevidtwn  from  the  expected 
onswers  were  the  defjmng  chdroctenstws  of  the  edrfy  work. 

The  eorly  research  and  ♦he  use  of  the  "linical  interview  led  researcher:  to 
respect  and  docu:  .ent  bU'oents'  belieib  Put  simply,  researchers  le&rned 
to  listen  tostNdentSi  Largely  as  a  result  of  such  earlier  psychologists  as 
Piaget  (I970j973)  and  Brc;wne!!(in  Weaver  and  Kilpatnck,  1972)  these 
researchers  sought  to  desc^'be  how  the  concepts  and  tasks  appeared  to  the 
students,  rather  than  companng  the*  aoparent  performance  against  a  set 
of  preconceivec*  categories  A  value  wa-o  placed  on  the  process  of  solving  a 
problem,  \u  'ust  its  outcor.j  As  slMed  by  Eiwanger  U975)- 
f  chilaren  develop  their  knowlddoe  of  mathematics  largely 
through  their  own  activity  as  they  learn  mathematics  in  a 
particular  environment,  then  evaluation  should  be  an 
uttempl  to  disco     from  their  pom*  of  view  jusl  what 
they  have  learned  and  underslood.  (pi 66) 


In  order  to  look  at  the  ideas  'om  the  student's  point  of  view,  the 
researcher^  chose  to  use  flexible  interview^  and  to  study  individuals  or 
small  groups   What  they  discovered  vi^as  bluntly  stated  in  an  early  issue 
of  Children's  hathemnt^cal  5ehav;or.  v/her'^m  Davis  (1975)  wrote 
The  fact  that  w'.iat  was  MATHEMATiCALLV  necessary  for  the 
solution  of  the  equation 

3  =  6 
X  3x+1 

Jiffered  considerablu  from  what  was  COGNITIVELV 
necessaru.  and  the  details  of  how  thou  differed,  constitute 
the  main  value  of  the  15-minute  interview  for  us,  if  not  for 
Henryip6-9) 

Laier  in  the  paper,  I  will  suggest  that  such  a  distinction  between 


"matheii-^aticar  and  "cognitive"  needs  refinement,  however,  it  is 
important  to  realize  that  early  work  such  as  this  contributed  to  the 
reexamination  and  redefinition  of  what  it  means  .  j  be  "mathematical"  or 
"scientific"  Philosophers  of  science  were  already  engaged  m  y/ork  that 
pro^'^ded  resources  for  such  a  reconceptualizatioi, 

Davis  and  Ginsburg  has  collaborated  on  early  work  at  Cornell  University 
and  within  the  same  issup  of  Children's  Mather  atical  Behavior,  a 
contribution  of  Ginsburg  (197*"^  provides  the  introduction  of  another 
theme  of  great  significance  m  misconceptions  research.  He  wrote  of  the 
young  child  as  a  "intuitive  mathematician"  (p63),  rejecting  the  "table 
rase"  view  of  the  child,  he  suggested  that  "through  spontaneous 
inLuraction  with  the  environment,  he  develop  various 
techniques— perceptual  skills,  patterns  of  thought,  concepts,  counting 
methods— for  coping  with  the  quantitative  problems "  (p64).  In  his  book 
(recently  reprinted).  Children's  Anthmetic  (1977)  he  offers  five 
observations  about  errors  They  are. 

L  Errors  results  from  organized  strategies  and  rules, 

2  The  faulty  rules  utiderlying  errors  have  sensible  origins 

3  Too  often  children  see  arithmetic  as  an  activity  isolated 
from  their  ordinary  concerns 

4  Children  demonstrate  a  gap  between  informal  and  formal 
knowledge 

5,  Children  often  possess  unsuspected  strengths  (p  129) 


Clement's  work  (1962)  perhaos  was  in  my  opinion  the  most  exemplary  of 
the  research  on  misconceptic  »^   i  the  early  phase  In  this  work, 
conductt  j  considerably  earlier  than  its  publication  date,  Clement 
adminitcered  to  a  sample  of  150  freshman  engineers  four  word  problems, 
two  of  which  required  particulcr  numerical  results,  two  of  which  were 
of  the  "students  and  prolessor'^."  type  and  required  a  general  equation 
Their  performance  on  writing  tsquLtions  for  particular  problems  was  ever 
ninety  percent,  en  the  generalized  equation  problems,  it  fell  to  63^  and 
27^,  respectively  for  th.3  two  problems 

Clement  systematically  dernonsirated  the  compuhwn  of  the  errors  by 
placing  a  warning  with  the  problems,  he  comments  on  their  apparent 


smpUnty  with  the  statement,  "The  data  reveal  a  class  of  problems 
vyhich  should  be  trivial  for  a  scientifically  literate  person,  but  which  are 
solved  incorrectly  by  large  numbers  of  science  oriented  students "  (p.  1 7) 
In  other  work  on  this  same  class  of  problems,  he  demonstrates  the 
pervdS}veness^\  the  'misconception'  as  similar  error  patterns  are  found 
across  different  symbol  systems-  equations,  tables,  word  sentences  and 
pictures. 

Clemen*  also  demonstrates  a  charactenstic  trend  in  this  research  when 
he  creates  two  explanations  of  the  source  of  the  errors  a  word-matching 
strategy  and  a  static  comparison  strategy.  He  hypothesizes  that  these 
can  be  used  to  interpret  the  statements  stud  nts  make  as  they  solve 
thesf>  problems  in  think-aloud  Interviews  He  contrasts  those  approaches 
to  an  "operative  approach"  In  which  a  student  "views  the  equation  as  an 
active  operation  on  a  variable  quantity.,  ''(p.21) 

Nowhere  In  Ihe  paper  does  Clement  define  explicitly  the  term 
'misconception'  He  uses  venous,  alternative  phrases,  "conceptual 
stumbling  block"  (p29),  "Inconsistent  semi-autonomous  schemes", 
"cognitive  processes  responsible  for  errors  m  problem  solving"(p  16) 
whose  referent  mag  be  "misconceptions"  but  the  relationship  Is  never 
explicitly  o,.'ered 

In  sum,  the  early  phase  of  misconceptions  research  established  certain 
parameters  ..•^'j  ehemes  The  dominant  perspective  was  that  in  learning 
certain  key  concepts  in  the  curriculum,  students  were  transforming  in  ?n 
active  way  what  was  told  to  them,  that  those  transformations  often  led 
to  serious  misconceptions  Misconceptions  were  documented  to  b? 
surprising,  pervasive,  resilient  and  th?ir  connections  to  language  and  lo 
informal  knowledge  was  proposed. 

It  should  be  noted  that  this  research  went  beyond  the  simple  collection 
and  documentation  of  errors  Although  no  epistemological  authority  was 
conferred  on  the  students'  methods,  there  was  a  sense  that  students 
were  acting  sensibly  and  rationally  in  their  activities,  and  that  these 
error  patterns  were  appealing  and  resilient  At  that  time,  they  were 
classified  as  mathematically  or  scientifically  errant,  but 
psychologically  compelling 
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Phase  Two  Tne  Reservoir 
Sc  ,ice  Education 


Attempt:>  to  formalize  Ihe  concept  of  "misconception"  and  to  describe  Us 
structure,  its  evolution  and  its  ties  to  other  acts  of  cognition  are 
characteristic  of  the  second  phase  in  misconceptions  research  For 
examplp,  the  operational  definition  offered  by  Hawkins,  Apelman, 
Colton&  Flexner  (1982)  to  describe  a  misconception-like  phenomena 
which  he  calls  "conceptual  barriers  to  learning"  provides  en  outstanding 
Illustration 

"  First,  critical  barriers  are  conceptUL,  obstacles  which 
confine  and  inhibit  scientific  understanding  Second,  they 
are  critical,  and  so  differ  from  other  conceptual 
difficulties,  because  a)  they  involve  preconceptions,  wh^ch 
the  learner  retrieves  from  past  experiences,  that  are 
incompatible  with  scientific  understanding,  b)  they  are 
widespread  among  adults  as  well  as  children,  among  the 
academically  able  but  scientifically  naive  as  well  as  those 
less  well  educoled,  c)  lhay  involve  not  simply  difficulty  in 
acquinng  scientific  fact  but  in  assimilated  conceptual 
frames  for  ordering  and  retrieving  important  facts,  d)  they 
are  not  narrow  in  their  application  but,  /hen  once 
surmounted,  provide  key  to  the  comprehension  of  a  range  of 
phenomena.  To  surmount  a  critical  barrier  is  not  merely  to 
overcome  one  obstacle  but  to  open  up  new  pathways  to  " 
scientific  understanding,  e)  Another  hallrnark  of  the  class 
IS  that  when  a  distinct  o^eakthrough  does  occur,  there  is 
often  strong  affect,  a  true  joy  in  discovery  (Section  CI) 

The  definition  offers  some  distinct  contributions  to  the  development  of 
an  understanding  of    .sconceptions*.  In  the  definition,  Hawkins' 
research  team  required  that  these  critical  barriers'  be  pervasive  (across 
age  and  educational  OAperience),  be  influenced  by  preconceptions,  have 
an  Jnierndi  structure,  like  a  frame  whic.i  serves  the  purpose  of  ordering 
end  f)ndwg .dnd  be  sjgmfjcdntz^  that  failing  to  comprehend  it  will  be 
an  otfstdcle,  confining  and  inhibiting  learning  Finally,  he  has  expressed 


the  affective  release  and  exhilaration  which  accompcnies  its 
breakthrough. 

Starting  from  this  character  j2ation  of  a  critical  barrier,  I  will  list  and 
coniment  briefly  on  a  set  of  thenr^es  which  are  representative  of  the 
misconceptions  research  in  science  In  reviewing  these  I  will  rely  on  the 
reviews  by  Driver  and  Enckson,(1983),  Driver  and  Easley  (1978) ,  Gilbert 
and  Watts(1983),  the  Proceedings  of  the  Misconceptions  Conference  at 
Cornell  (Helm  and  Novak,  1983),  and  the  booker  imtive  Structure  and 
Conceptual  Change  (West  and  Pines J985).  In  subsequent  sections,  I  will 
discuss  the  perspectives  on  misconceptions  in  mathematics,  computer 
programming  and  statistics. 

PrecanceDi)on$  Researchers  in  science  were  often  motivated  to  examine 
students'  conceptions  because  it  was  believed  that  on  understanding  uf  a 
student  s  ppjr  knowledge  determined  the  appropriate  starting  point  for 
instruction  (Ausabel, 1 968,  Novak,  1977,  Bruner,l960)  As  Hawkins  et  al 
(1982)  vvrote. 


In  contrast  with  studies  which  have  the  aim  of  "paying 
attention  to  what  student^  don't  know"  Our  purpose  is 
always,  at  least  in  principle,  to  find  out  conjecturally,  and 
more  firmly  where  possible,  what  students  do  know,  and 
then  how  this  knowledge  can  be  raised  .hy  them  to  the  level 
of  consciousness^-retneved  for  their  own  use  in  further 
learning.  pC-3 

The  focus  on  preconceptions  represented  a  basic  rejection  of  a  tdblo 
roc^d  approach  to  learning  The  assumption  made  was  that  students 
conned  new  ideas  to  existing  idsas,  an'l  that  the  existing  Knowledge 
thus  ser  'es  as  both  a  filter  snd  a  catalyst  to  the  acniiisition  of  new 
Ideas  Tj  understand  what  students  will  learn,  on*?  must  f  irst  determine 
what  bc'liefJ:  ihey  currently  nold 


Concepiudl Biruciure.  A  second  theme  stresses  the  structure  of 
relanonships  among  concepts  As  described  by  Pines  (1965)  the 
meaning  of  cognitive  structure  is 


Cognitive  means  ^of  the  mind,  having  the  power  to  know,  recogr^^-e  ^nd 


conceive,  concerning  personally  acquired  knowledge,"  so  cognitive 
structure  concerns  the  individual's  ideas,  meanings,  concepts,  cognitions 
and  so  on  Struciure  refers  to  the  form,  the  arrangement  of  elements  or 
parts  of  anything,  the  manner  or  organization,  the  emphasis  here  is  not 
on  the  elements,  although  they  are  important  to  a  structure,  but  on  the 
way  those  elements  are  bound  together"  p.  101 

The  rationale  for  attending  to  this  dimension  varies  from  researcher  to 
researcher.  For  some,  methods  of  creating  conceptual  maps,  semantic 
networks  etc  are  important  to  provide  a  more  holistic  and  relational 
perspective  on  concepts  (Novak,  1985,  Pines,  1985)  Others  emphasize 
the  need  to  not  only  understand  what  is  known,  but  to  examine  how  it  is 
organized  (West  rensham  and  Garrad,  1985)  Still  others  emphasize  an 
instructional  validity  for  the  methods,  finding  them  useful  tools  to 
promote  coninduration  of  alternative  organizations  and  to  reveal 
misconceptions  (Champagne,Gunsione,Klopfer  ( 1985) 

The  question  of  how  knowledge  is  organized  h*^*^  evolved  both  from  the 
Piagetian  tradition  of  examining  basic  oi  yanizing  structures  such  as 
space,  time,  object  permanence  etc ,  and  from  the  information  processing 
communities  with  their  concern  for  the  limitations  of  memory  They 
argued  that  the  sheer  quantity  of  "information"  places  a  demand  on 
humans  to  organize  knowledge  to  manage,  store  and  retrieve  it. 

The  confluence  of  these  two  traditions,  Piagetian  and  information 
processing,  yield  a  somewhat  confused  language  describing  this  work. 
Information  processing  theorists  often  imply  that  we  receive 
"information"  from  external  sources  and  to  comprehend  it,  we  impose  our 
own  structures  of  knowledge  organization  Thus,  we  transform  the 
information  to  fit  within  our  existing  structures  Within  such  a 
framework,  misconceptions  result  from  the  inaccuracies  between  the 
structures  we  create  and  the  external  world 

In  contrast,  when  the  more  Piagetian  side  of  the  tradition  dominates,  one 
fino^  ♦hat  there  is  less  need  to  speak  as  though  the  world  sends  out 
"signa's*^  and  the  concern  is  for  how  one  negot*  ites  one's  own  private 
understandings  with  what  one  takes  to  be  the  meanmg  in  public 
utterances  by  others 
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The  following  two  quotes  with  the  span  of  a  few  pages  illustrates  the 
dubious  combinations  of  language  which  compete  within  this  tradition  of 
research  West  et  al.(1985)  wrote 

1)  '  When  we  receive  input  through  our  senses,  we  have  to  infer  a  great 
deal  from  the  input...  [an  example  is  given)  In  fact,  the  listener  needs  to 
infer  a  great  deal  and  this  ability  to  infer  depends  upon  information 
stored  in  the  listener's  storage  memory "  (p.34 ) 

2)  The  meaning  of  a  concept  for  any  person  is  part  of  his  or  her  private 
understanding.  Vet  different  people  use  the  same  concept  labels.  Hence 
public  knowledge  propositions  that  contain  concept  labels  may  seem  lo 
be  precise. .  Vfhile  the  meaning  that  an  individual  infers  from  that 
proposition  depends  upon  the  individual's  private  understanding  of  the 
co'^cepts.(p38) 

Early  work  on  cogmtive  structure  tended  to  be  open  to  the  criticism  of 
implying  desirable  uniformity  and  completion  in  representing  particular 
concepts.  However,  in  more  current  writings,  the  researchers 
sensitivity  to  varieticns  in  meaning,  from  child  to  child,  from  context  to 
context  IS  often  explicitly  mentioned  For  example.  White  (1935) 
proposed  nine  dimensions  of  cognitive  structure  (extent,  pr3cision, 
internal  consistency,  accord  with  reality  or  generally  accepted  truth, 
vanety  of  type<^  of  element,  variety  of  topics,  shape,  ratio  of  internal  to 
external  dimensions,  availability)  which  explained  some  of  the  variation 
Pine  expressed  sirnpiy  as  "  these  bundles  of  meaningful  relations  we  call 
concepts  are,  on  the  one  hand,  capable  of  change,  and,  on  the  other  hand, 
can  never  be  acquired  in  any  fin^hstic  fashion  Any  new  relations  will 
effect,  to  some  extent,  the  total  framework  of  relations  "(pi  10) 

For  Pines  (1985),  this  allows  an  definition  of  a  misconceptions  within 
conceptual  structures  as  viewed  acros<^  time      circumst  ince  He 
wrote  "  certain  conceptual  relations  that  are  acquire  may  be 
inappropriate  within  a  certain  context  We  term  such  relations  as 
"misconceptions"  A  misconception  does  not  exist  independently,  out  i: 
contingent  upon  a  certain  existing  conceptual  framework  As  conceptual 
frameworks  change,  what  was  deemed  a  misconception  may  no  longer  be 
a  misconception,  conversely,  what  !s  a  centra)  conceptual  relationship 
in  one  framework  may  be  a  profound  misconception  within  another 
framework  The  history  of  science  is  replete  with  such  examples  "(pi  10) 


Hawkins  et  al  (1982)  poses  a  particulariy  salient  concern,  posed  in  the 
form  of  an  apparent  paradox  suggests  that  in  science  as  contrasted  to 
common  sense  knowledge  "to  understand  any  one  concept,  a  node  in  the 
network  logically  connecte*^  to  other  nodes,  it  is  necessary  to  understand 
many  others  as  well  Th:s  logical  tightness  of  scientific  ideas,  their 
mutual  interdependence,  suggests  immediately  a  paradox,  they  cannot  be 
learned,  not  in  isolation  from  each  other,  not  all  at  once,  hence  not  at  all. 
Such  a  paradoxical  conclusion  only  states,  in  extreme  form,  the  origin  of 
many  of  the  student  difficulties"  (C 16) 

In  summary,  investigations  of  cognitive  structure  led  researchers  to  look 
at  the  interrelationships  among  concepts  and  to  examine  the  ways  M 
structuring,  ordering  and  fitting  together  c^  ^epts    In  most  of  this 
work,  researchers  are  careful  to  distinguish  between  the  meanings 
students  have  ^-^r  concepts  and  their  verbal  utterances  The  concept  map 
or  semantic  network  is  proposed  os  another  source  of  evidence  by  whic^ 
researchers  can  consider  what  it  is  that  students  believe 

Cgnceptudi Chdnge^  An  altfirnative  but  complementary  position  to  the 
examination  of  cognitive  structure  is  a  focus  on  under  what  conditions 
students  will  choose  to  modify,  reject  or  extend  their  conceptions 
Researchers  :r.  th'.s  tradition,  often  building  from  the  work  of  Toulmin  on 
the  evolution  of  conceptual  systems,  argue  that  concepts  are  similar  to 
theories  and  paradigms,  the  preconceptions  will  act  as  a  filter  for  new 
concepts,  and  the  new  concepts  must  net  only  be  shown  to  explain  or 
predict  the  phenomenon,  but  *Hpy  must  be  regarded  as  providing  an 
acceptable  solution  wuhin  the  current  framework  (Strike  and  Posner, 
1 9P5,  Conf  rey,  1 980,  Johansson,  Morton  and  Svensson,  1 985) 


Formdl     Informs}  k'nawlpcinfi  The  importance  of  examining  not  only 
what  IS  taught  in  schools  and  how  u  is  taught  can  be  demonstrated  by 
research  which  involves  informal  learning  contexts  Ginsburg  (1977) 
wrote  specifically  of  tho  differences  in  Children's  Arithmet.r: 
One  of  the  most  sigmficant  difficulties  in  children's 
arithmetic  is  the  gap  between  informal  and  formal 
knowledge  The  phenomenon  is  widespread  many  children 


If 


hove  trouble  wUh  written  work  but  con  cope  with  the  some 
kind  of  problem  in  an  informol  monner  (pi 80) 


He  reminds  us  in  thot  piece  of  the  Importonce  of  reducing  tht  gap 
between  formal  knowledge,  "seen  as  a  meaningless  game",  and  informal 
arithmetic  which  "has  olreody  proved  of  some  utility  "0;  180 

Chompagne  et  al  (1985)  explicitly  discuss  inis  gap,  specifying  o 
potentiol  source  of  imprecision  in  students'  interpretation  of 
propositions.  These  include  the  pre?  nee  in  informal  meamngsfor 
technical  terms,  errors  in  determining  the  scale  of  measurement  (either 
as  inappropriately  large  or  small)  ana  as  attempts  to  formulate  general 
rules  from  their  experience  with  concepts  such  as  motion. 

The  terms,  informal/  formal,  need  to  be  analyzed  into  their  components 
and/or  possible  refemts  To  date,  the  following  interpretations  of  the 
distinctions  seem  plausible,  and  often  their  use  does  net  distinguish 
among  them 

!  Formal  refers  to  that  which  i^  taught  in  an  organized,  structured 
educational  institution  where  certain  constraints  and  conditiohs  operate 
that  differ  from  outside  life,  informal  is  that  which  is  not  taught  in  such 
on  institution. 

2.  Formal  refers  to  a  system  of  interrelated  oefimtions  and  proofs, 
experiments  and  arguments,  informal  refers  to  more  tentative  intuitive 
conjectures. 

3.  Forma!  refers  to  written  methods,  informal  refers  to  mental 
strategies 

4  Formal  refers  to  the  abstraction  of  an  procedure  from  its  context, 
where  the  procedure  is  specified  and  justified  indpoendently,  informal 
refers  to  routines  which  are  earned  out  mechanically  by  habit  or 
tradition,  to  complete  an  activity  required  on  a  daily  L  js^s 

5  Formal  refers  to  knowledge  one  -accepts"  as  legitimate  because  it  has 
been  dennonst-ated  by  experts,  mformol  refers  to  knowledge  one  has 
generated/leained  through  one's  personal  actions 

The  appeal  of  the  formal /informal  distinction  in  researching  students' 
I  mcept'ons  IS  great,  it  captures  an  expression  frequently  uUered  by 
student  v  where  they  draw  a  distinction  between  what  is 
required/expected  in  school  and  what  is  required/expecieC  in  daily  life 
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apart  from  school.  However,  if  one  takes  the  first  defimtion.  than  any 
d  tinction  attributed  to  the  formal  and  informal  cannot  be  altered  by 
institutionalized  schooling.  This  is  a  conclusio"^  most  researc;tiers  would 
be  reluctant  to  draw 

Se/?se  data  vs  iheory^  Science  educators  are  particularly  interested  in 
how  students  relate  their  sensorial  experiences  to  their  formal  theories 
Often  researchers  will  document  the  isolation  between  these  forms  of 
knowledge  In  other  studies,  it  will  be  suggested  that  a  misconception 
results  from  the  lack  of  isomorphism  between  theoretical  perspective 
and  sensory  inputs  which  originate  in  the  real  world 

For  example.  Driver  and  Enckson  (1983)  began  their  article  with  a  quote 
from  Einstein  and  Infeld 

Snence  /s  not  6  col  lection  of/aws,  a  cat  drogue  of  fads,  it 
IS  a  creation  of  ihe  hunian  rnwd  with  its  freely  invented 
ideas  and  concepts  Physic  a)  theories  try  to  form  a  picture 
of  reality  and  to  establish  7/  connections  yyit:?  the  wide 
world  of  sense  impressions  (Ewstem  and  Infeld.  1938) 
A  fundamental  distinction  can  be  made  in  science  or  in  any  field 
between  two  gen'^ral  kinds  of  activities  On  the  one  hand  there 
IS  the  cataloguing  of  sense  .mprc^sions,  the  experience  of  the 
phenomena,  on  the  other,  there  ore  our  ottempts  as  humonf  to 
impose  some  regularity  on  experience  by  creal?ng  our  models  or 
theoretical  entities  (p37) 

As  a  result  of  the  assumption  of  this  dicnotomy,  the  authors  propose  the 
follov/ing  defimtion  of  a  "conceptual  framework"  "By  the  construct, 

conceptual  framework',  we  shall  mean  the  mental  organization  imposed 
by  the  individual  on  sensory  inputs  a^  indicated  by  regulantie?  p  on 
individuals  responsps  to  a  particular  problem  setting  "  (p39) 

This  passage  captures  one  of  the  most  interesting  issues  within  the 
misconceptions'  tradition  in  science  the  relationship  between 
ontologicai  claims  (claims  about  reality)  and  epistemological  claims 
(claims  about  knowledge)  In  the  passage,  the  term  'sense  impressions' 
is  used  first  in  the  Einstein  quote  and  then  by  the  authors  In  the 
definition,  they  shift  to  the  ^se  of  "sensory  inputs'  Inputs,  a 


mechenicol,  computer-bosed  metaphor,  often  conr  .es  thet  on  external 
world  inr^poses  certain  signals  on  individuals;  it     ore  chaotic,  end  can 
only  be  interpretable  by  the  individual  through  the  means  of  mental 
organization  Thus,  it  appears  that  the  authors  differentiate  sensory 
inputs  as  originating  externally  and  mental  organization  s  as  personally 
constructed. 

If  this  is  a  correct  characterization,  then  the  authors  might  conclude 
that  somehow  one  can  assess  the  accuracy    their  mental 
organizations(iRteTal)  ini  elation  to  these  sensory  inputs  (external).  The 
aSwSrtion  that  one  can  assess  the  accuracy  of  an  internal  representation 
m  relation  to  an  external  stimulus  has  been  criticized  since  the  time  of 
the  skeptics,  for  any  such  assessment  would  necessarily  be  another 
internal  act  of  compar:son,  and  fail  to  overcome  the  interna'  'external 
gap.  (  von  Glaserfeld,  1984)  Another  more  obvious  example  of  such  a 
distinction  was  stated  by  Fischer,  Lipson  and  Idar  (1983)  wherein  they 
write,  "We  are  more  or  less  constantly  engaged  in  assessing  the 
'goodness  of  fit*  between  our  mental  models  and  the  worid  ar  )und 
us."(p.l) 

The  passage  from  Erickson  and  Driver  is  ambiguous,  and  would  also  allow 
an  alternative  interpretation,  wherein  the  relationship  of  "sensory 
impressions"  and  "conceptual  frameworks"  would  both  be  firmly  placed 
within  th3  individual  ( albeit  influenced  by  social  and  cultural  forces). 
Hence,  impressions  are  not  regarded  as  external  signals,  but  intprnal 
experiences  of  them  ThPn  the  relationships,  one  wishes  to  e^jmine  are 
the  interactions  and  relationships  between  perceptir^ns  {organized 
frameworks  of  sensations)  am  other  conceptual  tools,  use  of  language, 
symbols  and  theories  Thus,  the  issue  of  soioiogy,  what  is  reality,  is 
minimized  and  the  relationship  among  systems  of  Knowledge  (of  which 
sensory  impressions  is  simply  one  of  many),  is  emphasized.  Pines 
(1985)  seems  to  take  this  position  wherein  he  wrote 

Sensation—the  raw  data  from  the  sense  organs— op  its  own,  without 
perceptual  organization,  is  devoid  of  meaning  Organized 
sensation— namely,  perception— enables  the  awareness  and  mental 
recording  of  objects  and  events  In  human  beings,  such  perception  is 
facilitated  by  language— words  or  sentences,  and  (hus  experience  is 
onceptually  and  propositionally  punctuated  into  meaningful 


distinctions,  relations,  and  complexes  of  such  relations  that  transform 
Yaw  sensation"  into  perception  (pl03) 

If  one  takes  the  position  that  knowledge  consists  of  a  coordination  of 
internal  represent  (ions,  rather  than  as  a  more  and  more  accurate 
portrayal  of  "the  way  things  really  are",  then  one  is  left  with  cne  further 
issue  in  the  definition  offered  by  Driver  and  Easley.  In  it,  theg  refer  to 
conceptual  frameworks  ds  mental  organization ...  as  indicated  by 
regulanties  in  an  individual's  responses  to  a  particular  problem  srtting. 
What  IS  left  unanswered  is  the  question  "whose  percc-ption  of 
regularities  they  are  referring  to?"  If  the  answer  is  an  observer  s 
perception  of  regularities,  then  a  conceptual  framework  is  not 
necessarily  one  s  own  ways  of  organizing  experience,  but  another's  model 
of  one's  own  If  it  refers  to  one's  own  framework,  then  one  ic  left 
wondering  if  conceptual  frameworks  cannot  be  invisible  to  the  person 
operating  within  it  How  one  answers  the  question  of  who  the  observer 
is  perhaps  not  as  important  as  the  recognition  that  in  such  a  statement 
"regularities  in  responses"  is  a  hidden  observer,  and  this  individual  needs 
identification. 

Nonetheless,  in  science,  it  is  clear  that  one  must  give  careful  attention 
to  the  role  of  "sense  impressions".  Students  often  consider  sensory 
impressions  as  non-controversial,  given,  objective,  dependable  and  the 
bedrock  on  which  theorit;s  are  inductively  inferred  The  phrase  "to  make 
sense  of  it"  is  evidence  of  Ihe  security  provided  to  us  by  translating 
more  abstract  phenomena  into  sensory  forms.  The  "chicken  and  the  egg" 
relationship  between  conceptual  framev/orks  and  the  evidence  selected 
and  recorded  is  a  serious  issue  which  through  this  research  it  becomes 
evident  must  be  included  in  our  science,  I'L^r^cula 


k§n9M59L-The  role  of  language  m  the  construction  and  maintenance  of 
misconceptions  has  received  considerable  ottention  in  misconceptions 
research  in  science  Some  researchers  have  focused  specifically  on  the 
defining  and  labelling  in  relation  to  the  structuring  of  the  discipline  In 
this  case,  the  naming  of  a  significant  set  of  relationships  is  indicative 
of  it^.  value  within  the  discipline  Pines  described  the  important  function 
of  language  writing,  '  A  word  is  li::e  a  conceptual  handle,  enabling  one  to 
hold  on  to  the  concept  and  manipulate  it  "(p  108) 


other  work  has  been  devoted  to  describing  the  relt  jonships  between  the 
use  of  scientific  ternns  in  daily  use,  such  os  force,  energy,  heat  and  the 
precise  definitions  of  these  ternns  within  the  discipline  This 
relationship  was  expressed  by  Solonnon  (1983)  in  the  following  excorpt 

Meanings  which  are  in  daily  use  cannot  be  obliterated  by  science  lessons, 
however  convincingly  presented  Even  when  the  concepts  and  theones  0/ 
science  have  been  learned,  the  older  nneanings,  and  loose  explications  of 
the  life-world,  will  still  linger  on.  This  innplies  that  our  students  vil; 
acquire,  through  their  instruction  m  science,  0  second  domain  of 
knowledge  which  is  radically  different  fronn  the  first  but  coexistc-^t 
with:t.  Under  these  circunnstances  we  shall  went  to  know  If  hsyare 
aware  of  these  two  connpeting  sets  of  nneanings  and,  mere  importantly, 
how  they  decide  which  one  to  use  during  problem-solvino  exercises 
(P129) 

Within  this  tradition,  it  is  frequently  emphasized  that  the  role  of 
language  in  the  construction  of  understanding  extends  beyond  labelling 
and  communication  of  prepositional  knowledge  into  the  social 
construction  of  knowledge  (VygotskyJ978;  Skemp,  1971)  Described  by 
Wittgenstein  as  "language  games",  there  is  an  examination  of  the  larger 
cultural  ano  social  context  in  which  scientific  meanings  are  established. 
(Confrey,  1981,  Head  and  Sutton,  1985) 

Sutton  (1980)  distinguished  denotative  meanings  in  science  (rigorous 
definitions)  from  connotative  meanings  in  everyday  experience  (  a 
framework  of  associations  and  implications)  He  suggested  that  science 
often  proceeds  by  redefining  and  making  precise  everyday  terms  and  that 
scientific  terms  ere  also  incorporated  into  a  culture  through  metaphoric 
extensions  on  their  meenings  Hewson  (1985)  provided  en  exemple  of 
such  cultural-scientific  mingling  in  her  study  of  the  conceptions  of  heat 
of  the  Sotho  group 


Analogy  More  recently,  researchers  in  science  education  have 
concentrated  not  only  on  students'  formal  weys  of  tackling  difficult 
problems,  but  on  their  use  of  powerful  analogies  and  models  in  th^ir 
attempts  to  understand  scientific  conceptual  systems  (Gentner,  1980, 
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Rumelhbrt  and  Norton,  1980)    For  example,  Clement  (1977)  explored 
the  analogical  relations  which  doctoral  students  and  professors  in 
technical  fields  invoked  in  trying  to  solve  a  problem  concerning  the 
stretch  of  a  spnng.  He  found  that  Spontaneous  aneiogies  have  been 
observed  to  plau  a  sigmficant  role  in  the  solutions  of  a  number  of 
scientificallu  treined  subiects"  (p  l)  in  eddition  to  documenting  ihe  use 
ot  analogy,  iie  also  explored  the  processes  of  generating  and  extending 
enelogies 

Historical  Perspectives  Often  researchers  in  this  tradition  have  studied 
the  historical  developnrent  of  a  concept  as  -  nch  source  for  1)  describing 
some  of  the  potential  misconceptions  2)  foi  demor^strating  at  least  one 
developmental  sequence  whjch  leads  to  the  current  concepts,  and  3)  as  a 
source  for  a  variety  of  problems  which  provoke  consideration  of 
alternetive  fremeworks  (Clement,  1983,  Lybeck,  Stromdahl  endTullberg 
1985,  Lybeck,  1985  narton,  19':'8) 

Research  on  the  history  of  the  concept  under  consideration  provides  one 
access  to  the  milieu  that  often  assisted  the  person(s)  in  the  development 
of  the  concept  For  exemple,  Confrey  ( 1 980)  examined  the  history  of 
calculus  and  suggested  sever  different  conceptions  of  number  Vvhich 
were  held  She  documenterl  that  according  to  Boyer,  it  was  the 
combination  of  the  outstanding  problem  in  the  sciences  to  describe 
growth  end  chenge,  the  reimportetion  of  elgebre  from  the  Mideest  end  the 
awkwardness  of  the  theory  of  ratios  which  created  a  setting  in  which 
the  fundementel  concepts  of  celculus  were  developed  By  exemining  the 
history,  it  became  apparent  that  most  students  were  being  introduced  to 
calculus  without  en  understanding  that  the  application  of  discrete 
methods  to  continuous  quantities  led  to  disturbing  paradoxes 
Without  this,  the  students  were  baffled  and  resistant  to  the 
complexities  of  limits 

Epistemology  Three  levels  of  epistemologicel  questions  have  been 
debated  predofninantly  among  these  researchers  Dthe  epistemological 
underpinnings  of  the  subject  area,  2)  the  epistemological  basis  which 
guides  students  as  they  learn  science,  and  3)  the  episteriological  basis 
for  t  e  conduct  of  such  research 

1 )  This  research  1^  characterized  by  a  reject  ion  of  an 
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emplricist/posititivist  traditions  in  which  science  is  conceived  of  os 
induf-tiva  generolizotions  on  observations  Building  from  current  work  in 
the  philosophy  of  science,(  LokatosJ970J976Tculmin,  1972  ),  science 
is  chorocterized  os  theory-loden  from  its  observations  to  its  theories 
end  its  progress  is  explained  in  terms  of  meta-level  considerations  such 
OS  porsimong,  elegonce,  explonotory  power,  ond  increosing  occeptonce  by 
scientists.  It  is  emphasized  that  the  development  of  scientific  ideas 
will  not  necessarily  parallel  the  proof  It  suggests  that  educationally 
the  development  of  ideas  may  be  a  more  fertile  grounds  for  providing 
educational  researchers  insight  into  learning.  (See  Strike  and  Posner, 
1985,  for  on  excellent  discussion  of  empiricist  commitments  )  Much  of 
this  work  hos  been  the  basis  for  the  development  of  constructivist 
theones  of  knowledge  in  science,  and  such  a  reexamination  of  their  owrr 
conceptions  of  science  and  mathematics  must  proceed  any  examination 
of  st  jdent  conceptions 

2)  The  implications  of  "the  child  as  scientist"  which  result  from  such  a 
reconceptualization  have  been  highly  endorsed  with  the  community 
(Osborne  ond  Freyberg,  1985).  Building  from  the  work  of  the 
constructivist,  Kelly,  Gilbert,  Watts  and  Osborne  have  promoted  the  view 
that  the  way  needs  to  be  investigated  is  "children's  science"  as  opposed 
to  "adult  science"    The  emphasis  'lere  is  on  the  hypothesis  that  a  child 
may  not  be  "seeing"  the  same  set  of  events  as  a  teacher,  researcher  or 
expert  It  suggests  that  many  times,  a  chad's  response  is  labelled 
erroneous  too  quickly  and  that  if  one  were  to  imagine  how  the  child  is 
making  sense  of  the  situation,  then  one  would  find  the  errors  to  be 
reasoned  and  supportable 

In  more  recent  work,  researchers  have  not  only  documented  that  students 
are  acting  reasonably,  but  they  have  begun  to  describe  the  basis  of  their 
epistemological  beliefs  In  mathematics,  Confre^^  (1960)  argued  tnat 
students  see  mathematics  as  external,  unchanging  and  non-controvwrsial 
Schoenfeld  (1985)  suggested  that  students  are  'naive  empiricist?.'  and 
that  their  formal  procedures  are  often  not  enacted  m  problem  solving 
circumstances  which  require  discovery  rather  than  proof  DiCessa 
(1983,1965)  hypothesized  the  existence  of  phenomenological  primitives 
which  compete  in  problerriatic  situations  and  c;  eate  a  significant 
fragmentation  in  what  students  know 


In  an  article,  "Constructivist  Goggles.  Implications  for  Teaching  and 
Learning"  (1965),  Pope  outlines  the  implications  of  this  work  for 
teaching  and  learning  Many  of  the  ideas  are  compatible  with  a  paper  by 
Confrey,  (1963)  in  which  the  implications  of  constructivism  for  the 
Schwab's  four  commonplaces  are  discussed  Both  of  these  articles  argue 
that  the  implications  of  giving  students  leeway  to  possess  individually 
valid  Intellectual  spaces  means  that  classrooms  will  be  modified  in 
terms  of  conduct  and  evaluation. 

Teaching  students  to  consider  these  epistemological  issues  has  been 
approached  directly  through  such  techniques  as  the  application  of 
Gowin's  Vee  (Gowin,  1963),  as  science  educators  struggle  with  the 
question  of  how  to  overcome  the  oversimplification  of  the  "scientific 
method."  In  his  work,  he  demonstrates  the  viability  of  using  the 
construction  of  a  map  of  an  event  onto  two  components  (hence  the 
vee)  conceptual  and  methodological  Together  with  the  conceptual  maps 
of  Novak,  these  tools  provide  some  alternatives  to  the  dominant  modes  of 
evaluation  of  learning  that  exii^  presently 

3)  The  epistemological  questions  underlying  the  conduct  of  such  studies 
has  evolved  from  an  emphasis  on  striving  for  normative  portrayals  to  a 
focus  on  idiographic  studies  (Gilbert  and  Watts,  1963,  Driver  and 
Easiey,1976)  The  case  study  developed  through  the  use  of  the  flexible 
interview  has  dominated  the  research  in  this  area  As  written  by  Driver 
and  Easley  (1976),  an  ideographic  vs  a  nomothetic  approach  are  those, 
"in  which  pupils'  conceptualizations  are  explored  and  analyzed  on  their 
ow..  terms  without  assessment  against  an  externally  defined  system" 
(p.63) 

The  epistemo'^qical  questions  raised  by  this  research  have  promoted  an 
active  exchange  of  ideas  What  is  perhaps  most  significant  is  tha*  the 
research  program  on  students'  conceptions  has  itself  represented  an 
epistemological  shift  on  the  part  of  the  community  What  had  begun  as 
an  examination  of  students'  beliefs  led  to  a  reexamination  of  the  subject 
matter,  the  evolution  of  the  discipline,  the  conduct  of  the  studies  and  the 
conceptualization  of  the  classroom    a  place  in  which  knowledge  is 
communicated 


tle^dcognition  Within  this  community  some  emphasis  has  been  g'ven  to 
the  metocognitive  elements  of  knowing  These  researchers  have 
expressed  concern  with  not  only  what  a  student  believes,  but  with  the 
student's  awareness  of  that  belief  system  Captured  susinctlg  by  Novak' 
and  Gowin's  phrase.  Learning  How  to  Learn  (1984).  the  research  in  this 
area  often  documents  how  difficult  it  is  for  students  to  describe  their 
beliefs,  their  methods  or  their  processes  for  solving  problems.  Whimbey 
and  Loc*^head  (1980)  developed  methods  to  increase  students'  awareness 
of  their  own  knowledge  in  their  methods  of  paired-problem  solving. 
Other  approaches  include  small  group  work  and  the  development  of 
wntten  thought  protocols  by  students  Confrey  and  Lipton  (1984)  argued 
that  if  students'  awareness  of  their  own  beliefs  and  methods  increase, 
then  many  of  the  student  difficulties  would  disappear,  allowing  teachers 
the  opportunity  to  address  the  more  resilient  misconceptions  rather  than 
the  disturt)ing  overall  level  of  poor  engagement 

CuHurdI dPd Socid] Dimensionsi  A  small  segment  of  this  literature  is 
explicitly  concerned  with  the  cultural  and  social  dimensions  of 
misconceptions   As  reported,  hewson  ( 1 965)  explored  the  conceptions 
of  heat  of  natives  of  Sotha  and  found  interesting  correlations  between 
their  cultural  and  cognitive  beliefs.  In  other  cross-cultural  work, 
researchers  have  studied  the  use  of  arithmetic  and  measurement  in 
third-world  workplaces  and  found  significant  discrepancies  between  the 
formal  and  informal  performances  of  the  workers  (Lave,l977, 
Carraher,Carraher  and  Schliemann,l965) 

More  recently,  some  work  has  been  undertaken  in  which  the  researchers 
have  examined  the  culture  of  the  classroom  anr*  related  its  structure  to 
the  development  and  dominance  of  certain  cognitive  traditions  concerned 
in  particular  in  its  impact  on  ethnicity,  gender  and  class  (Confrey,  1964, 
Cobb,  1985)  However,  in  general  the  research  on  misconceptions  has 
remained  primarily  cognitive,  and  has  had  a  limited  concern  for  cultual 
and  social  dimensions 

Summary  In  the  previous  section,  I  have  identified  the  themes  in  the 
research  on  misconceptions  which  have  beer,  examined  in  science 
education  The  purpose  of  the  summary  is  to  introduce  this  set  of 
categories  to  mathematics  educators  in  hopes  that  they  will  provide 
encouragement  for  consideration  of  parallel  issues 


Mathematics  Education 


In  mathematics,  the  evolution  of  a  misconceptions  tradition  has  been 
much  slower  Without  a  recognized  role  for  sense-data,  education  in 
mathematics  lacks  the  interplay  between  the  sense-data  fnd  theory 
where  misconceptions  were  first  described  Without  a  cumculum  in 
which  phenomena  and  events  ore  explained,  researchers  were  not 
witness  to  inconsistencirs  in  mathematical  and  everyday  roasomng.  The 
legal  tender  of  mathematics  classrooms  was  not  laboratories  and 
demonstrations,  but  problems  and  exercises.  As  a  result,  the  focus  in 
mathematics  education  research  was  on  errors. 

If  one  looks  for  a  misconceptions  tradition  in  mathematics  parallel  to 
the  one  in  science,  it  is  difficult  to  find  The  issues  of  preconceptions, 
structure  of  concepts,  informal  and  formal  uses  of  language,  analogy, 
history,  epistemology,  metacognition  and  social  and  cultural  dimension^ 
of  cognition  show  evidence  of  only  a  few  dimensions,  although  a  few 
specific  examples  exist. 

The  Clement  work  described  in  phase  one  examined  the  translation 
between  mathematical  symbols  and  applications,  and  in  that  sense,  it  did 
create  the  interplay  described  above  However,  in  it,  there  is  not  a 
specific  significant  concept  which  underiies  the  research  (although  the 
concept  of  ratio  and  variable  could  have  acted  in  such  a  capacity  if  the 
focus  were  changed)    Little  direct  attention  is  given  to  the  language, 
although  a  student  of  Clement,  Rosmck  (1981)extended  the  work  in  this 
direction  focusing  on  the  tendency  for  students  to  treat  variables  as 
"undifferentiated  conglomerates'  Other  work  on  these  same  problems  by 
Sims-'  light  and  Kaput(1983)  built  from  this  research  exploring  the 
relations  between  imagistic  and  linguistic  representations  They 
concluded.  This  confirms  that  the  difficulty  lies  in  mapping  from 
noturol  representations  to  mathematical  ones "  (pmBO;  In  their 
discussion  they  offer  one  of  the  few  explic?t  statements  on 
misconceptions  (as  they  reject  its  label  as  a  misnomer)  writing.  The 
tendency  to  translate  "6  students"  to  "6S"  is  actually  a  naive  theory  that 
students  have  legitimately  developed  through  their  previous  experiences 
in  both  the  natural  quantitative  world  and  in  mathematics,  which  they 
then  generalize  inappropriately  to  a  new  situation."(p  486) 


Confrey  (1980)  in  8  study  of  entering  calculus  students'  concepts  of 
number  orgued  for  the  historical  precedence  for  six  distinguishable 
conceptions  of  number,  sets,  ordinal,  ratio,  number  lines, 
non-terminating  decimals,  and  continuous  number  concepts  and  argued 
that  changes  in  students'  concepts  from  discrete  to  continuous  were 
necessary  to  understand  the  concepts  of  calculus  Within  the  study,  she 
examined  two  epistemological  issues,  a  perspective  on  mathematics 
using  conceptual  change  drawing  from  the  work  of  Lakatos  and  Toulmin 
and  on  investigation  into  the  conceptions  of  mathematics  of  the 
students. 

Vinner's  work  on  functions  (1983)  can  also  be  cast  relatively  easily 
within  the  misconceptions  tradition.  He  proposed  that  concepts  have 
both  "images"  and  "definitions"   He  suggested  that  the  definition  and  the 
image  may  be  coordinated,  be  Pept  isolated  or  be  conflicting,  and  that 
students  failure  to  perform  in  consistent  and  insightful  ways  on  a  series 
of  problems  on  functions  might  be  the  result  of  conflicts  and  lack  of 
coordination  between  definitions  and  images  In  this  work,  he  defines  a 
concept  Image  as  as  the  mental  picture  of  a  concept  He  wrote,  "P  s 
mental  picture  of  C  is  the  set  of  all  pictures  that  have  even  been 
associated  with  C  in  P's  mind."  (p.  293)  He  added  that  by  picture,  he 
meant  to  include  any  unusual  representation  of  the  concept,  including 
symbols. 

Other  work  which  ^ocused  on  speciiic  concepts  included  Schwartzenburg 
and  Tail's  work  on  calculus  (1975-8),  Vinner's  and  Cornu's  work  on  limits 
(Vinner,  1983,  Cornu,  1983),  Steffe,  von  Glaserfeld,  Richards,  and 
Cobb's  work  on  early  number(1963),  Vergnaud's  work  on  miOtiplicative 
structures  (1983),  Behr,  Lesh  Post  and  Silver's  work  on  rational 
number(  1 983),  and  Kitchners(  1 985),  Kieran  ( 1 980)  and  flatz's  ( 1 979) 
work  in  algebra  Researchers  who  have  emphasized  the  historical  and 
epistemological  dimensions  of  the  research  include  Papert  (1960),  Kaput 
( 1 979),  Brousseau  ( 1 983)  and  Balachef f  ( 1 985)   More  recently  with  the 
introduction  of  the  lournal.  For  the  LearninQ  of  Mathematics.  Wheeler  hos 
promoted  considerable  discussion  in  this  area 

Not  all  epistemological  examinations  have  been  historically  or 
psychologically  initiated  Mathematicians  such  as  Henderson' 1981), 


Davis  and  Hersh  (1981)  and  Stoltzenburg(l984)  have  called  for 
revisionary  views  of  the  discipline  of  mathematics,  wherein  the  bu:lding 
of  mathematics  is  given  attention  and  wher^  its  tentative,  evolving  and 
controversial  qualities  are  displayed  and  celebrated.  In  e  more  recent 
article,  Tyczemko  (1986)  has  argued  for  examining  the  way  mathematics 
act  as  a  community  to  understand  epistemological  questions  ano 
suggested  that  one  such  public  occasion  for  study  might  bo  how 
mathematicians  educate  their  own  initiates. 

Within  the  work  on  errors,  mathematics  educatoro  have  the  potential  to 
offer  new  insights  to  science  educators  within  the  students'  conceptions 
field  The  major  of  themes  will  be  described  in  the  next  sections  with 
the  provision  of  a  middle  level  perspective  between  the  specificity  of 
the  single  concept  work  and  the  global  character  of  the  epistemological 
beliefs.  This  perspective  in  mathematics  education  can  be  described  as 
the  systematization  of  knowledge  :nto  a  coherent  and  self-reinforcing 
structure.  It  involves  the  student;?'  strategies  for  establishing 
procedures,  for  carrying  out  a!qorithms,  and  for  working  with  symbolic 
representations.  As  a  result,  it  represents  a  process-based  research 
that  cuts  across  concepts  and  can  be  used  to  predict  errors  in  a  variety 
of  arenas  Its  weakness  is  in  its  isolation  for  its  concepts,  its  strength 
is  its  generalitij. 

Procedurdl  ys  Concept udl Knowledge  A  major  issue  in  mathematics 
education  research  has  been  on  the  relationship  between  procedural  (or 
algorithmic)  and  conceptual  knowledge  i/i  mathematics  Skemp  ( 1 980) 
has  contributed  the  concept  of  instrumental  and  relational  knowledge  to 
the  discussion,  in  which  he  suggested  that  instrumental  knowledge 
dominates  the  classroom.  Davis,  Jockusch  and  McKnight  (1978)  have 
created  an  elaborate  information  processing  grammar  to  describe  the 
variety  of  processes  reqjired  in  the  construction  of  mathematical 
thought  and  in  doing  so,  have  examined  in  detail  the  kinds  of  procedural 
structures  one  would  have  to  develop  to  move  fluently  through  algebra 
Although  researchers  bemoan  the  general  tendency  to  overemphasize  the 
procedural  in  mathematics  classroom,  there  is  increasing  evidence  that 
such  facility  must  be  gained  through  manipulation,  computation  or  the 
use  of  tools  to  allow  students  the  freedom  to  consider  the  less 
accessible  conceptual  issues 


Systmatic Errors  In  the  widely-known  work  of  Brown  and  Van  Lehn  (Van 
Lehn,  1960;  1983,)  the  terminology  of  slips,  systenrtetic  errors  and  bugs 
are  introduced.  In  a  1980  paper.  Van  Lehn  offers  definitions  of  each.  A 
slip  is  an"  unintentional,  careless  nnistake  in  that  c  little  extra  care 
apparently  nnakes  them  disappear  "(p  6),  a  systennatic  error  is  "e  test6ble 
prediction  about  what  new  problems  a  student  will  get  wrong"  (p.  6)  and 
a  bug  is  defined  as  follows: 

Once  we  look  beyond  what  kinds  of  exercises  the  student 
masses  and  look  at  the  ectual  answers  given,  we  find  in 
many  coses  that  these  answers  can  be  precisely  predicted 
by  computing  the  answers  to  the  given  problems  using  a 
procedure  which  is  a  smell  perturbation  in  the  fine 
structure  of  the  correct  procedure.  Such  perturbations 
serve  as  a  precise  description  of  the  errors.  We  call  them 
"bugs".(p7) 

In  this  same  article.  Van  Lehn  continues  to  explain  how  the 
bugs  are  used  within  a  larger  frannework  which  he  calls  "Repair 
Theory"  Van  Lehn  wrote: 

Repair  Theory  is  based  on  the  insight  that  when  a  student 
gets  stuck  while  executing  his  possibly  incomplete 
subtraction  procedure,  he  is  unlikely  to  just  quit  as  a 
connputer  does  when  it  can't  execute  the  next  step  in  a 
procedure  insteed  the  student  will  do  a  small  annount  of 
problem  solving,  just  enough  to  get  'unstuck"  and  complete 
the  subtraction  problenn.  The  loca'  npoblenn  solving 
strategies  are  called  "repairs"  despite  the  fact  that  they 
rarely  succeed  in  rectifying  the  broken  procedure.. .  they 
result  in  a  buggy  progrann  (p9) 

The  insight  that  in  human  beings,  as  opposed  to  computers,  the 
program  runs  despite  bugs  is  a  significant  and  often 
overlooked  issue  in  misconceptions  work.  The  point  is  that  the 
misconceptions  can  cause  certain  conceptual  barriers  in  the 
learning  of  the  concept,  however,  failure  to  work  through  these 
barriers  does  not  necessarily  resuU  in  termination  of  the 
attempt  to  reach  a  goal  The  student  will  simply  turn 


elsewhere  m  an  effort  to  complete  the  task 

However,  it  is  also  essential  to  stress  that  the  work  to  date  on 
Buggy  is  not  representative  of  misconceptions  research  It  is 
strictly  at  the  procedural  level,  and  as  such,  it  fails  to  address 
some  of  the  epistemologicol,  language  and  structural  questions 
raised  within  that  tradition  It  is  not  about  students' 
conceptions,  only  about  the  routines  they  use  in  attempting  to 
complete  arithmetical  exercises  Were  the  researchers  lo 
embed  these  classes  of  problems  into  word  problems,  or  to 
explore  the  underlying  concepts  such  as  place  value,  the 
conceptions  of  students  would  become  an  obvious  factor.  This 
criticism  will  come  as  no  surprise  for  the  researchers,  for  they 
are  candid  m  their  reasons  for  selectini,  .nultidigit  subtraction. 

The  initial  task  chosen  for  investigation  is  ordinary 
multidigii  subtraction.  Its  main  advantage,  from  a 
psychological  point  of  view  is  that  it  is  a  virtually 
meaningless  procedure.  Mo^-t  elementary  school  students 
have  only  a  dim  conceptions  of  the  underlying  semantics  of 
subtraction,  which  are  rooted  in  the  base  ten 
representation  of  numbers.  When  compared  to  the 
procedures  they  use  to  operate  vending  machines  or  play 
games,  subtraction  is  as  dry,  formal  and  disconnected  from 
everyday  interests  as  the  nonsense  syllables  used  in  early 
psychological  investigations  were  from  real  words  This 
isolation  is  the  bane  of  teachers  but  a  boon  to  the 
psychologist  It  allows  one  to  siudy  a  skill  without 
bringing  in  a  world's  worth  of  associations.^p20l) 

In  research  with  college  students,  Confrey  and  Lipton  (1965) 
found  that  students'  performance  on  relatively  simple  problen^s 
designed  to  elicit  misconceptions  could  not  be  reliably  tied  to 
those  misconceptions  They  reported 
...we  thought  of  misconceptions  as  a  system  of  beliefs 
which  formed  a  relatively  stable  and  internally  consistent 
cognitive  system  We  expected  misconceptions  to  be 
concept-specific  and  able  to  be  analyzed  into  prerequisite 
skills,  definitions,  representations,  related  concepts  and 


the  use  of  language  Furthermore,  we  expected  students  to 
be  highig  confident  of  their  answers  and  committed  to 
them.  Our  data  showed  that  students  often  applied 
repetitive  and  predictable  faultg  strategies,  but  these 
lacked  the  compelling  nature  or  internal  consistencg  of 
misconceptions.  This  sugc"^3ted  the  more  elementarg 
notion  of  sustematic  errors  Sgstematic  errors  include  the 
sgstemalic  (and  inappropriate)  application  of  familiar 
fragments  of  arguments,  algorithms  and  definitions 
without  ang  attempt  to  integrate  across  representational 
systems  They  are  common  across  students,  and  permit 
accurate  oredictions  of  what  answers  students  will  give  to 
a  set  of  well-defined  problems  (p  40) 
The  relationship  and  distinctions  between  systematic  errors  and 
misconceptions  seems  to  be  key  in  the  pursuit  of  this  work  in 
mathematics  education  Without  a  thporeticcl  base  which 
relates  procedural  and  conceptual  knowledge  in  a  way  which 
legitimizes  both,  no  resolution  to  these  issues  seems  possible 

Frames.  Recent  work  by  Davis  ( 1 980)  on  the  concept  of  frames 
seems  to  provide  one  attempts  to  bridge  the  kind  of  systematic 
errors  work  with  the  work  on  misconceptions  In  his  paper,  he 
distinguishes  two  kinds  of  mathematical  ideas  "  thought 
processes  that  are  essentially  sequential  and  consist  of  'more 
pnmitive'  steps"  (pi 69)  and  frames,  "a  specific 
information-representation  structure  that  a  person  can  ^ulld  up 
in  his  or  her  memory  and  can  subsequently  retrieve  from 
memory  when  it  is  needed  "(pi 70)  After  giving  some  examples 
of  frames  which  include  the  Buggy  work,  the  work  of  Mat.?  in 
algebra  and  the  Clement-Lochhead-Rosnick  work,  he  offers  a  set 
of  characterisations  of  frames  These  are 
I  They  serve  as  "assimilation  schemas  for  organizing  input 
data 

2Their  inner  workings  are  revealed  by  the  errors  they  produce 

3  They  were  "correct"  in  a  more  limited  s  tting 

4  They  demand  certain  input  information  and  will  not  function 
correctly  unless  all  of  this  input  information  is  provided 

5  They  are  persistent 

6  Their  creation  and  operation  follows  orderly  rules 


7.  Their  retrieve!  may  be  cued  by  brief,  explicit,  specific  cues 
8  For  successful  problem  solvers  much  information  is  not 
contained  in  the  problem  statement 

There  is  a  reasonable  amount  of  similarity  between  the  concept 
of  frames  and  the  concept  of  misconceptions,  enough  to  suggest 
that  this  work,  although  it's  relations  to  a  conceptual  basis  are 
lacking,  begins  to  postulate  something  more  systemic  than  a 
bug,  but  which  has  a  place  for  procedural  competence. 

Constructive  Procc.-ses  dnd Methematwdl Abrhties  I n  the 
Confrey  and  Lipton  (1985)  work,  a  call  was  made  for  the 
consideration  of  "constructive  processes"  in  misconception 
research  In  this  paper,  the  researchers  reported  that  students 
with  systematic  errors  also  lacked  confidence,  did  not 
reformu!ate  the  problem,  had  difficulty  describing  their 
methods  and  focused  heavily  on  the  answer  rather  than  the 
process  Generally,  the  successful  students  engaged  in  another 
constructive  activity  when  asked  to  review  their  solutions  The 
less  successful  students  routinely  reported  their  methods 
Working  with  the  abilities  of  Krutetskii  (1976),  these 
researchers  are  pursuing  the  ability  to  discern  the 
mathematical  structure  in  a  problem,  the  ability  to  reverse, 
curtail,  generalize  and  the  flexibility  tc  work  with  multiple 
methods  as  the  type  of  constructive  processes  they  would 
expect  to  see  with  students  who  could  successfully  work 
through  the  lure  and  appeal  of  the  problems  designed  to  elicit 
misconceptions 
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Programming  Misconceptions 


Next  to  mathematics  and  science,  studies  of  novices  learning  to 
program  use  the  language  of  the  misconceptions  paradigm. 
Within  this  tradition,  there  are  three  emphases  which  seem 
partlcularlly  useful  In  reconceptuallzlng  misconceptions 
research. 
They  are: 

1.  an  emphasis  on  planning  as  an  anticipatory  act, 

2.  an  examination  of  the  activity  of  debugging,  as  a 

check  and  feedback  mechanism,  and 

3.  a  constant  appraisal  of  the  adequacy  of  the  computer 

language  itself  as  a  representational 
system  for  human  cognition. 

An  example  of  such  work  Is  offered  by  Bonar  and  Soloway 
( 1982,! 985),  Erllch,Soloway  and  Abbott  (1982).  Solway,  Bonar 
and  Ehriicn,  (1983),   Soloway,  Ehrllch,  Bonar  and  Greenspan 
( 1 982)  and  Soloway,  Lochhead,  Clement,  ( 1 985)  who  have 
examined  novices  errors  in  learning  to  program  in  Pascal,  in 
their  earlier  research;  the  authors  were  focused  on  bugs  and 
buggy  procedures.  Like  the  researchers  In  science  education, 
they  believed  that  errors  were  Illuminating  and  wrote:  "bugs  and 
errors  lllunlate  what  a  novice  is  actually  thlnklrig--provldlng  us 
3  window  on  the  difficulties  as  they  are  experienced  by  the 
novice." 

One  the  issues  reported  in  this  study  Is  that  the  students  tend  to 
bring  to  programming  knowledge  of  their  "natural  language"  (I.e. 
their  first  language)  which  could  interfere  with  the  deflntlon  of 
the  ternis  in  the  programming  language  such  as  "WHILE". 
Interestingly  enough,  since  programming  languages  have 
developed  relatively  recently  and  new  ones  are  constantly  under 
Invention,  the  authors  recognize  a  constant  potential  for  revision 
of  the  programming  languages  itself.  This  is  In  sharp  contrast 
to  mathematics,  where  revision  of  the  language  in  response  to 
user  difficulty  Is  unlikely,  especially  when  the  users  are 
students.  Such  a  freedom  to  reconceptuallze  the  language  itself 
provides  an  interesting  challeng3  to  mathematics  a  id  science 
researcners:  It  suggests  they  might  consider  altering  the  formal 
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representational  systems,  which  is  exactly  what  Is  happening  in 
the  development  of  software  In  mathematics  education. 

Finally,  because  there  is  a  human-  machine  interaction.  I.e.  a 
program  can  be  planned,  written,  run  and  debugged  over  time,  the 
progammlng  researchers  have  devoted  considerable  attention  to 
the  problem  solving  process.  Perkins,  Hancock,  Hobbs,  Martin  and 
Simmons  ( 1 985)  studied  high  school  students  learning  BASIC. 
They  expected  to  call  students'  attention  to  the  high  level 
problem  solving  strategies  required  for  managing  the  task, 
instead  they  found  specific  management  strategies  In  place 
which  Interf erred,  just  as  t^^e  preconceptions  Interfere  In  tfie 
correct  performance  on  misconceptions  tasks.  They  wrote:  "far 
from  being  haphazard  and  unpatterned,  many  students' 
management  of  the  task  showed  strong  patterns  that  interfere 
both  with  the  Immediate  programming  problem  and  with 
learning."  (p.6).  These  patterns  included  disengagement  from  the 
task  at  the  first  sign  of  trouble,  neglecting  to  track  closely  by 
following  their  own  code,  repairing  haphazardly  rather  than 
systematically  and  experiencing  difficulty  breaking  the  problem 
down  Into  components 

The  reserchers  at  Yale,  Soloway  and  colleagues  (1985),  have 
shown  their  intention  to  pursue  problem  solving  as  well  by 
extending  beyond  patching  strategies  for  bug  generation  into  an 
attempt  to  build  a "  process  modem  novice  program  generation. 
Through  this,  the  authors  hope  to  begin  to  explain  why  the 
students  make  bugs.  Although  the  work  is  only  beglnlng,  the 
authors  offer  an  enticing  statement  of  their  expectations, 
"Instead  of  a  single  representation  system  and  a  powerful' 
inference  method,  numerous  fragmented  representations  of 
knowledge  and  many  weak  problem  solving  strategies  may  be 
required."  (pi). 


Phase  3.  Dredging  and  Channelling 

The  final  section  of  the  paper  Is  devoted  to  exploring 
dlrectlc.^s  In  which  the  research  on  students'  conceptions  might 
proceed  These  directions  will  be  drawn  largely  from  the 


themes  which  emerged  from  the  prior  sections,  and  from  the 
suggestion  that  a  cross-fertilization  across  the  subject 
matters  would  prove  desirable  and  worthwhile. 

A  second  Influence  on  this  final  section  of  the  paper  Is  the 
theory  of  constructivism  ( Confrey,(  1933);  von 
61aserfeld,(1984),  Steffe  et  al.(1983),  Cobb,  (1985)), 
Elsewhere,  constructlvlsts  have  argued  that  the  teaching  of 
subject  matter  is  not  the  trsnsmlsslon  of  information  about 
'the  way  things  really  are',  but  that  teaching  Is  the 
communication  and  development  of  knowledge  that  humans  find 
useful  and  functional  In  making  sense  of  experience  and  solving 
problems.  If  this  position  Is  accepted,  then  misconceptions  are 
not  the  result  Incorrect  portrayals  of  the  way  things  are,  they 
are  not  failed  pictures  of  the  world. 

If  one  rejects  the  Idea  that  misconceptions  result  from  an 
Incorrect  picture  of  reality,  then  the  question  is  left,  wha^  are 
misconceptions?  In  the  previous  sections,  I  have  suggested 
that  the  research  on  students  misconceptions  has  been 
successful  In  defining  a  variety  of  che  Important  issues  on 
misconceptions:  different  symbol  systems  (Including  language 
and  analogy).  Interactions  between  observations  and  theories, 
historical  precedence,  epistemologlcal  beliefs,  metacognltlve 
awareness  and  the  social  construction  of  knowledge.  I  have 
suggested  that  the  research  In  mathematics  and  computer 
programming  has  added  to  this  the  issues  of  systematic  errors, 
frames,  planning,  debugging  and  the  adaptive  continuity  keeping 
going.  In  the  following  sections,  I  will  use  these  valuable 
Insights  to  redef  Ir.?  the  conception  of  misconceptions  under  a 
constructivlst  perspective  and  suggest  a  variety  of  themes 
which  might  merit  further  investigation. 

A  most  Important  issue  for  a  constructivlst  Is  the  rejection  of 
knowledge  of  an  external  world;  for  a  constructivlst,  we  are 
captives  of  our  constructions,  yet  by  modelling  and 
theory-building  we  develop  effective  ways  of  functioning 
effectively  In  the  world  A  relatlvlstic  and  sollpslstic  position 
Is  avoided  by  two  forms  of  activity:  self-reflection  and 
communication  with  others.  Through  these  two  activities,  we 
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construct  and  coordinate  a  complex  system  of  knowledge,  and 
we  evaluate  It  by  reflection  on  Its  power  to  explain  our  actions 
and  the  actions  of  others. 

Thus,  a  constructivlst  is  bot;rid  to  reject  the  external -internal 
conflict  as  an  adequate  source  of  misconceptions;  s/he  would 
therefore  revise  both  the  definition  of  alternative  frameworks 
quoted  earlier  by  Driver  and  Erickson  (1983)  and  such  a 
statement  as  the  one  by  Davis  (1980)  quoted  below  eliminating 
any  appeal  to  an  external  reality  to  adjudicate  among 
knowledge  structures. 

"The  main  method  is  to  show  that  certain  human 
performances  that  seem,  at  first  sight,  as  surprising 
or  paradoxical  actually  become  reasonable  (or  even 
predictable)  when  one  assumes  certain  attributes  of 
frames,  assumes  the    istence  of  certain  specific 
frames  and  applies  systematic  rules  of  information 
processing.  This  kind  of  analysis  usually  works  best 
when  applied  to  wrong  answers,  or  to  Information 
processing  that  has  malfunctioned.  There  Is  no 
mystery  in  this.  When  people  agree  on  a  correct 
answer,  many  explanations  are  possiole,  based 
primarily  on  external  reality,  but  when  people  agree  In 
giving  an  answer  that  Is  wrong,  or  even  grotesque, 
explanations  must  deal  no*  only  with  the  external 
real,./  that  falls  to  support  such  an  answer,  ^ut  with 
the  specific  Internal  Information  processing  that 
somehow  produced  it.p.  1 70) 

A  radical  constructivlst  would  dismiss  the  appeal  to  e.<  external 
reality,  though  s.  he  would  readily  support  Davis's  Intent.  If  one 
wants  to  know  more  about  knowledge,  Davis  seems  to  argue,  ask 
the  people  who  claim  to  know  and  the  student  who  is  coming  to 
know,  These  are  the  sources  for  determining  what  is  knowledge, 
not  the  external  world. 

The  constructivlst  is  committed  to  the  claim  that  knowledge  is 
both  tentative  and  fallible  in  relation  to  its  level  of 
functionality,  situations  and  contexts  change,  hence  the  viability 
ofknovv  .dge  changes  (von  Glaserfeld,^9H4).  Always,  knowledge 


Is  silent  In  relation  to "  the  way  things  really  are".  Thus,the 
alternative  for  the  constructlvlst  Is  to  express  clearly  that  all 
forms  of  human  knowledge  are  our  personal  cotistructlons  and 
that  the  question  at  hand  Is  how  does  one  coordinate,  rank  or 
reject  and  modify  these  constructs. 

Thus,  the  constructlvlst  does  not  support  the  claim  that  all 
knowledge  Is  equally  valid,  certain,  stable  or  supportable.  Some 
knowledge  claims  are  central  and  relatively  stable  (though  not 
permanent)  and  others  can  be  sacrificed  rather  easily.  For  the 
constructlvlst,  a  misconception  is  Identified  when  a  relatively 
stable  and  functional  set  of  beliefs  held  by  an  Individual  comes 
Into  conflict  with  an  alternative  position  held  by  the  community 
of  scholars,  experts,  and  teachers  as  a  whole.  A  misconception 
occurs  when  there  Is  evidence  In  what  a  student  says  or  does 
that  the  Individual  finds  the  stable  belief  system  more 
attractive  and  functional  than  the  alternative  view  which  Is 
offered.  Thus,  to  understand  a  students'  misconception, 
erroroneous  only  from  the  perspective  of  the  more  Initiated,  one 
needs  to  understand  Its  context.  Its  scope,  structur.  and 
functionality  from  the  perspective  of  the  student  Thus,  the 
decision  on  the  part  of  some  researchers  to  use  the  term, 
alternative  conceptions,  is  based  on  their  desire  to  offer  validity 
to  the  students'  framework  from  the  students'  perspective. 

The  Observer  ic^Vftm  Twn  implications  of  renaming 
'misconceptions',  'alternative  conceptions'  need  consideration. 
The  first  Is  a  claim  that  an  essential  commitment  must  be  held 
by  the  Interviewer  to  attempt  to  model  the  student,  so  that  when 
a  student  gives  an  answer  which  appears  to  deviate  from  the 
widely-agreed  upon  notions.  It  will  not  be  rejected  out-of-hand, 
but  explored  as  a  crucial  research  event.  Through  these 
explorations,  the  interviewer  creates  a  model  of  how  the  student 
might  be  operating.  This  process  Is,  In  a  sense,  giving  an 
epistemologlcal  validity  to  the  students'  construction;  a  validity 
which  seeks  to  define  its  frame  of  reference, the  bounds  of  the 
context,  and  Its  Internal  consistency. 

However,  I  believe  that  a  distinction  must  be  maintained 
epistemologlcal ly  between  the  personal  validity  of  a  construct 
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and  the  public  approoval  which  has  been  granted  to  It.  It  Is  a 
grave  mistake  to  grant  a  students'  work  the  same 
epistemologlcal  status  as  Its  granted  to  a  conception  supported 
by  working  mathematicians  and  scientists.,  just  as  It  Is  a 
mistake  to  rule  out  of  hand  that  such  status  might  ultimately  be 
conferred.  Students  are  veiy  clever  when  you  learn  to  listen  to 
them,  but  the  Ideas  are  often  rough  and  underdeveloped. 

Thus,  the  term  misconceptions  can  be  misleading  In  that  It 
connotes  a  negative  Interpretation  of  error,  when  the  only  error 
might  be  a  limited  frame  of  reference  beyond  which  the  student 
has  no  experience.  Alternatively,  alternate  conceptions 
frequently  connotes  a  kind  of  relativism  which  Is  unsatisfying  In 
that  It  seems  to  Ignore  the  legitimate  authority  of  the 
disciplinary  experts.  Thus,  it  seems  that  there  exists  a  frame  of 
reference  question.  In  which  one  needs  to  reposition  the  role  of 
the  observer. 

The  observer,  be  It  researcher  or  teacher.  Is  the  one  who  Is 
evaluating  whether  a  students'  responses  indicate  agreement 
with  the  community  of  experts.  It  Is  from  the  perspective  of  the 
observer,  that  a  students'  conception  might  be  labelled  a 
misconception  or  a  limited  conception.  Research  results  which 
seek  to  remove  or  hide  the  role  of  the  Interviewer  reinforce  such 
confusion.  We  need  to  reinsert  the  observer  Into  the  pattern  of 
communication,  stressing  that  It  Is  from  his  or  her  perspective 
that  a  response  seems  deviant.  Thus,  by  specifying  the 
perspective  and  the  frame  of  reference,  one  can  describe  one's 
model  of  a  students'  active  system  of  beliefs. 

The  Rolg  pf  \\)e  Discrepancy: It  Is  perhaps  useful  to  remind 
ourselves  that  discrepancy  plays  a  key  role  In  communication. 
Watzlawick(1976)  and  others  have  documented  that 
conversation,  of  v      an  Interview  Is  one  form,  often  continues 
on  the  assumption  of  shared  understanding.  When  an  exchange 
becomes  problematic  suddenly.  It  can  turn  out  that  the 
assumption  of  shared  understanding  was  In  error.  Interviews  are 
largely  dependent  on  these  occurences  to  assist  In  model 
building  Often  we  can  find  ourselves  more  certain  about  those 
Interuptlons  than  about  the  unscrutlnlzed  exchanges  Thus,  our 
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picture  of  a  communication  is  often  created  first  through  the 
shading,  and  the  form  emerges.  If  this  is  so  for  the  interview, 
then  the  discrepant  result  holds  a  position  of  influence  in  our 
work  which  needs  to  be  considered. 

Autonomy  and  Engagement.  Another  fundamental  Issue  In  the 
redefinition  of  this  research  is  the  emphasis  on  the  autonomy  of 
the  student  Numerous  studies  have  documented  the  tendency, 
often  endorsed  and  exacerbated  by  schooling,  of  students  to  give 
up  their  authority  and  responsibility  for  their  own  learning.  In 
such  situations,  the  search  for  students'  conceptions  (limited  or 
alternative)  will  be  lost  in  the  flood  of  fragments  of  rules, 
procedures,  assertions,  shifts  in  opinions  and  general  lack  of 
engagement  Documenting  these  weak  and  fragmented  pieces  of 
memorized  and  performed  routines  will  not  assist  one  in 
understanding  how  concepts  are  formed,  though  they  may  be 
essential  to  understanding  schooling  as  it  now  exists  As  a 
result,  researchers  must  create  circumstances  in  which  the 
student  is  engaged,  does  trust  the  interviewer  and  is  engaged  in 
learning  the  concept,  or  perhaps  reject  the  assumptions  that 
robust  conceptions  are  primarily  responsible  for  poor 
performance.  One  suc:i  option  is  to  conduct  teaching  experiments 
or  teaching  Interviews  in  which  the  student  works  with  the 
Interviewer  over  significant  pe»^iods  of  time  on  the  concept  at 
hand. 

Mathematics  Evolved  from  Actions 


Thus,  for  a  construct ivist,  all  the  mental  material  of 
constructions,  from  the  relatively  stable  and  agreed  upon  content 
of  an  observation  as  a  single  event  located  in  space  and  time  to 
the  abstractness  of  a  theory  or  a  symbol  system,  is  the  result  of 
human  activity.  It  is  built  from  our  previous  experiences  and 
serves  an  important  purpose  in  ordering  and  allowing  for 
prediction  of  future  events.  In  a  person's  experience, 
constructions  have  been  created  to  meet  personal  demands  and 
needs  and  they  are  maintained  if  they  function  successfully.  An 
essentia]  part  of  maintaining  a  construct  is  assessing  how  well 
It  allows  us  to  communicate  to  others,  so  that  const*' jctlon  is 


not  a  solitary  affair. 
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This  idea  suggests  that  mathematics  is  not  Isolated  from 
humanity,  and  that  it  is  essentially  abstracted,  not  from  things, 
but  from  actions.  As  was  pointed  out  by  philosophers  of 
mathematics,  the  threeness  li  three  apples  !s  not  a  property  like 
their  redness.  It  is  not  a  property  of  the  apples  at  all.  It  is  the 
repeated  action  of  pointing  and  naming  known  as  counting  which 
establishes  the  threeness.  Human  activities,  ordering,  counting, 
comparing,  sharing,  transforming,  sorting  and  relating  are  the 
basis  for  the  development  of  mathematical  ideas.  As  Hermalne 
Slnclalr(  1 987)  explained. 

The  children  pull  little  bits  of  cottonwool  from  a  big  ball  until  it 
is  reduced  to  manu  tmy  flecks.  They  carefull  observe  the  way 
the  cottonwool  stretches  and  then  breaks.  Then  they  make  them 
stick  together  again;  and  start  all  over.  ...  It  does  not  seem  too 
audacious  to  see  in  these  activities  the  very  beginnings  of 
counting  and  measuring.  (p34) 

However,  an  action  is  not  a  piece  of  mathematics.  A  repeated, 
intentional  action,  a  pattern  of  activity,  a  routine  begins  to 
form  the  basis  of  the  construction  of  mathematics.  When  that 
action  becomes  abstracted,  when  it  can  be  described  and 
separated  from  the  objects  on  which  it  is  conducted,  it  begins 
to  be  mathematical.  When  the  mathematics  can  be  reflected 
upon  and  described,  it  can  then  become  itself  a  type  of  object:  a 
mathematical  object,  timeless  and  spaceless  in  that  it  is  a 
potential  action,  a  possibility.  But  it  fs  an  object  in  that  it  has 
an  agreed-upon  name,  a  function  and  by  "objectifying "  it 
(Confrey,  1985)  it  can  be  scrutinized  l'^  Itself.  Von  Forester 
( 1 984)  in  Observing  Systems  wrote,  "objects  and  events  are  not 
primitive  experiences.  Objects  and  events  are  representations 
of  relat!ons."(p261) 

For  example,  the  concept  of  slope  in  mathematics  requires  that 
one  compare  two  distances,  the  change  in  the  ordinate  and  the 
change  in  the  abscissa.  Althougn  we  speak  In  mathematics  of 
slope  as  a  conceptual  object,  it  is  only  an  object  in  that  it  is  a 
codified  action,  that  of  constructing  measures,  comparing  those 
measures  to  create  a  measure  of  change  and  then  dividing  those 
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Changes  to  create  a  ratio  and  interpreting  it  through  a  system  of 
ratios.  In  mathematics,  each  concept  can  be  described  as  such 
an  action  on  other  concepts. 

Working  from  the  abilities  proposed  by  Krutetskil  (1986),  I 
would  propose  that  a  set  of  constructive  processes  be  developed 
which  were  on  a  continuum  from  actions  to  produce  procedures 
and  skills  consistently  to  actions  which  will  promote 
conceptual  development  Briefly,  I  would  propose  that  skills 
such  as  pattern  recognition,  curtailment  and  reversibility  are 
required  for  the  formation  of  the  procedures,  and  that 
generalization,  identification  of  variables,  abstraction, 
partlcularizatlon,  flexibility  and  elegance  represent  some  of  the 
constructive  processes  for  conceptual  development. 

How  does  this  conception  of  the  relationship  of  acting  and 
knowing  relate  to  the  second  phase  of  students'  conceptions 
research?  It  suggests  that  the  relationship  between  experience 
and  formal  knowledge  is  artificially  broad.  I  suggests  that  the 
roots  of  concepts  which  He  In  human  activity  need  to  be  drawn 
more  explicitly,  and  to  do  so  would  lessen  the  separation 
between  formal  and  informal  knowledge.  Informal  knowledge  is 
often  embedded  in  action,  formal  knowledge  is  often  abstracted 
from  It.  It  suggests  that  this  is  the  case  for  mathematics  as  it 
is  for  science  due  in  part  to  an  emphasis  on  the  functionality  of 
concepts. 

It  furt^  T  suggests  that  cultural  influences  on  the  development 
of  concepts  from  artivity  would  be  expected  in  different 
settings,  contexts  and  cultures.  A  child's  activity,  labelled 
"play"  differs  qualitatively  from  adults  Their  mathematics 
might  vary  similarly.  Across  cultures  as  well  you  would  expect 
differences  in  forms  of  human  activity  and  their  mathematics 
might  evolve  differently  as  well  Finally,  it  suggests  that  the 
similarity  of  the  knowledge  might  evolve  from  the  similarity  of 
basic  human  neeas. 

Coordination  of  Multiple  Representations 

If  single  actions  and  reflections  on  those  actions  constituted  the 
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entire  picture,  mathematics  would  be  limited  indeed,  and  the 
exquisite  structures  and  complexities  of  mathematical  and 
scientific  knowledge  would  not  have  evolved.  If  knowledge  is  not 
an  Increasingly  better  picture  of  the  world,  one  might  ask  fron 
where  the  Impetus  for  progress  In  science  and  mathematics 
comes.  Part  of  that  impetus  comes  from  the  activity  of 
coordinating  these  reflective  abstractions  of  actions,  which  I 
will  call  representations.  A  representation  will  not  refer  to  that 
which  represents  the  way  things  really  are.  A  representation  will 
mean  a  system  of  operating  which  involves  a  set  of  codified, 
objectified  actions,  and  a  language  or  symbol  system  for 
communicating  about  them. 

Much  of  what  evolves  into  knowledge  then  involves  coordinating 
and  moving  among  representations.  For  instance,  if  one 
investigates  the  concept  of  function,  one  needs  to  examine  how 
students  can  use  the  multiple  representations  of  tables,  graphs 
and  equations  to  solve  problems.  This  coordination  of  systems  is 
what  promotes  the  stability  of  mathematics,  for  in  the  absence  of 
an  appeal  to  reality,  convergence  among  systems  of 
representation  functions  effectively. 

Thus,  I  will  suggest  that  h  the  third  phase  of  students' 
conceptions  research,  the  issue  is  one  of  how  students  coordinate 
their  representations  and  how  they  choose  among  them  In 
competing  circumstances.  Vinner's  work  on  concept  images  fell 
into  this  category.  In  a  recent  paper,  Vinner  and  Davis  ( 1985) 
suggest  that  "...partially  equivalent  terms  to  'concept  images'  are 
'frames'  by  Davis  (1984)  and  'students'  alternative  frameworks'  by 
Driver  and  Easley  (I978)."(p.2).  Dicessa,(  1979)  anticipated  this 
emphasis  on  multiple  representations  in  his  1 978  paper  in 
Cognitive  Process  Instruction.  Recently,  the  work  of  Schwartz 
( 1 987)  and  Kaput(  1 987)  and  Thompson  and  Thompson,  ( 1 987)  in 
designing  software  to  coordinate  the  use  of  the  algebraic  and 
graphical  representations  seems  to  recognize  the  importance  of 
this  idea.  Schuster's  research  on  students'  difficulties  with 
various  representations,  graphs,  tables,  diagrams,  etc.  shows  the 
promise  in  this  area.  The  work  of  Confrey  and  colleagues  (1987) 
at  Cornell  University  teaching  precalculus  students  to  move 
flexibly  among  multiple  representations  represents  this 


perspective  as  well 


Connecting  this  idea  with  the  research  in  the  second  phrase 
proves  useful  as  well.  This  suggests  that  another  source  for 
limited  or  alternative  conceptions  is  in  the  interplay  between 
representational  systems.  Language  is  a  key  representational 
system,  its  place  In  our  educational  system  is  as  the  glue  which 
joins  other  systems,  through  it  is  itself  a  system.  Thus,  the 
emphasis  on  the  meaning  of  words  across  systems,  natural 
language  systems  and  formal  systems  (mathematical,  progammlng 
etc.)  Is  a  likely  source  of  tension  and  insight  The  work  done  on 
the  structure  of  conceptual  systems  will  need  expansion  as  each 
concept  can  itself  be  modelled  as  a  system,  an  embeddedness  that 
needs  no  escape.  Finally,  it  suggests  that  the  decision  making 
process  of  deciphering  which  representational  system  to  use, 
when  to  abancon  it,  how  to  coordinate  convergence  findings,  how 
to  resolve  conflicting  ones,  will  give  rise  to  the  very 
eplstemologlcal  issues  raised  in  the  prior  sections. 

What's  Massing:  The  Problem.  A  area  which  has  been  inadequately 
addressed  in  the  second  phrase  of  research  is  the  question:  what 
Is  a  problem?  in  a  talk  on  problem  solving ,  1  suggested  a  problem 
Is  a  "roadblock  to  where  you  want  to  be."  Researchers  on 
students*  conceptions  have  been  brillant  at  writing  interesting 
problems,  little  analysis  or  description  of  the  role  of  the 
problems  in  research  has  been  forthcoming,  in  mathematics,  it  is 
clear  that  the  problem  plays  to  key  role  both  in  the  evolution  of 
the  discipline  and  in  the  conduct  of  cl-ssrooms. 

Researchers  rely  on  problems  to  create  the  impetus  for  the 
interview;  they  target  problem  difficulty  to  challenge  students 
without  frustrating  them  into  inaction,  they  embed  problems  with 
the  possibility  of  multiple  pursuits  and  they  attempt  to  evoke  the 
errors  or  misconceptions  they  seek  to  examine. 

Since  much  of  human's  activity  of  "noticing"  begins  when  there  is 
a  perturbation  in  the  otherwise  constant  flow  of  stimulation 
(vonForester,1984)  one  might  consider  if  the  problem  acts  as 
such  a  perturbation  in  cognitive  activity.  Successfully  creating  a 
perturbation,  a  sense  in  a  student  that  here  is  something  to  work 
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on,  to  attempt  to  resolve  or  make  sense  of,  seems  to  be  a  key  act 
in  the  research  on  students*  conception  and  in  education  more 
generally. 

A  distinction  needs  to  be  drawn  parallel  to  the  distinction  about 
the  assessment  of  the  conception.  Just  as  a  conception  needs 
specification  of  perspective,  so  does  the  problem.  Whiat  is 
written  on  the  paper  may  be  called  the  problem,  but  to  assume 
that  a  student  is  working  on  the  same  issue  as  a  researcher  or 
teacher  has  been  shown  repeatedly  to  be  unsupportable.  To 
distinguish,  the  word  problematic  can  be  used  to  refer  to  the 
students'  meaning  and  the  word  problem  can  refer  to  the 
particular  public  form,  written,  verbal  utterances,  experimental, 
of  the  problem.  Often  the  problematic  the  student  undertakes  has 
little  academic  substance;  it  may  be  "how  do  I  finish  this 
problem  and  get  outside*"?  or  "what  is  it  that  it  desired  by  the 
book,  researcher  or  teacher?" 

Cvcles  of  Expectation  ano  Reconstrurtion 

A  final  piece  of  the  puzzle  comes  from  the  insight  of  Brown  and 
van  Lehn,  that  the  program  continues  to  run  m  human  beings, 
where  it  often  halts  on  a  computer.  This  suggests  that  there  is  a 
cyclic  quality  to  human  problem  solving,  and  strategy  which 
allows  continuation  and  resists  stoppage.  This  Insight,  combined 
with  the  pervasive  influence  of  Polya  on  problem  solving  leads 
me  to  suggest  a  model  for  the  construction  of  concepts. 

i  suggest  that  a  student  begins  with  a  problematic,  their 
interpretation  of  a  problem.  Since  a  problematic  involves  a 
desire  to  resolve  it  or  to  bypass  the  roadblock.  It  creates  a 
''situation  for  action"  (Brousseau,  1983)  When  the  individual  acts 
to  solve  the  problem,  s/he  may  draw  upon  existing  knowledge, 
representations  and  experience;  before  these  actions  can  be 
accorded  the  label  of  knowledge  they  must  be  are  organized  by  us 
through  the  use  of  representational  systems  which  allow  us  to 
reflect  on  our  ideas  and  to  communicate  with  others.  Our 
actions  become  "objectified"  through  the  use  of  these  systems 
and  through  their  coordinations.  Such  activity  is  useful  and 
essential  in  forming  concepts  and  in  routinizing  and  automatizing 
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procedures. 


Part  of  the  function  of  the  activity  of  reflection  is  to  Judge  if  the 
pf  oblemmatic  has  been  resolved.  It  Is  unlikely  that  any 
significant  insight  will  be  gained  by  a  single  action  or  reflection. 
The  moflel  has  been  used  to  analyze  interview  transcripts, 
(Confrev,  1987),  the  resolution  of  Interesting  problems  typically 
took  a  number  of  passes. 


The  cycle  below  serves  to  capture  this  cyclic  activity: 

The  Problematic 


^  ine  KroDiematic 


Action  and  the 
Reflection  Coordination  of 

Representations 


A  ReCQncePtualization  of  Mlgrnn^ffptlon? 

Given  this  cyclic  model,  I  wish  to  make  the  fundamental  claim  of 
the  paper,  a  limited  student  conception  does  not  require  the 
postulatlon  of  a  inadequate  "picture"  of  the  world;  it  does 
require  that  a  set  of  beliefs  hasve  been  developed  which 
allowthe  student  to  establish  a  problematic,  act  on  it  to 
attempt  to  solve  the  problematic  and  to  reflect  back  on  the 
action  and  coordination  of  representations  to  create  a  new 
object/tool  for  future  activity  because  of  their  success  in 
resolving  the  problematic .  When  that  set  of  beliefs  appears 
discrepant  from  those.whlch  are  widely  held,  and  when  the 
interviewer  or  teacher  can  specify  the  boundaries  of  the  context 
m  which  they  are  functional,  then  the  student  has  a  limited 
conception  from  the  perspective  of  the  expert. 
Possible  sources  for  the  limited  conceptions  include,  an 
artlflcally  distinct  separation  of  concepts  from  actions,  a 
conflict  between  systems  of  representations  or  a  set  of 
eplstemologlcal  beliefs  which  overemphasize  the  claim  that 
knowledge  is  absolute,  unchanging  and  external  to  human  beings. 

In  research  on  students'  conceptions,  this  claim  suggests  that  in 


future  research, 

1.  contexts  must  be  created  where  students  are  enco^-aged  to 
engage  with  the  concept  at  a  deep  level,  perhaps  through  teaching 
experiments, 

2  the  role  of  interviewer  as  modeller  and  interventionist  must 
be  considered  in  the  conduct,  analysis  and  presentation  of 
results; 

3.  an  attempt  must  be  made  to  create  problems  which  produce 
substantively  defined  problematics  for  the  interviewee  and  the 
Interviewer  must  spend  considerable  effort  gaining  evidence  of 
the  students'  problematics, 
4  interviewers  must  encourage  student  autonomy; 

5.  as  the  student  acts,  interviewers  must  seek  alternative 
systems  of  representation  to  which  the  student  appeals  and 
consider  their  functioning,  their  relative  importance  and  their 
places  of  conflict: 

6.  a  significant  portion  of  the  interview  might  be  devoted  to 
reflecting  back  on  what  the  student  perceives  has  occurred. 

These  suggestions  are  offered  in  addition  to  the  ideas  suggested 
m  phase  two,  not  3s  substitutes.  The  attention  to  language,  the 
consideration  of  cross-cultural,  or  within  cultural,  cross-gender 
differences,  the  historical  analysis,  the  structural  relations  all 
complement  thest^  'urther  pieces  of  advice.  Students' 
conceptions  resea.-cn  has  proven  itself  to  be  a  healthy  and 
provocative  tradition  of  research  with  a  future  which  promises 
to  be  encouraging. 
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THE   COiMPUTbH   IN  CREATIVE  MATHEMATICS 


Madeleine  F,   Coucant,  Ed.D. 
American  Association  fo>    Gifted  Children 
Laurens,    New  York 

Douglas  Parsons,   M.  S, 
Mathematics  and  Computer  Science 
OneonLa  High  School 
Oneontd,   New  York. 

As  education  has  expemded  to  include  all  the  childrcii, 
it  has  concentrated  on  basic  knowledge  needed  by  all  people 
and/  inevitably,  the  special  interests  and  abilities  of 
gifted  and  talented  children  were  not  served*    This  pro- 
ject/ "The  Computer  in  Creative  Mathematics/"  is  one  of  many 
attenpts  made  by  many  people  through  many  years  to  provide 
a  more  equitable  curriculum* 

We  plan  a  longitudinal  experiment  of  at  least  five 
years.    We  have  conpleted  three  trials:    10  weeks  in  each 
year/  1985/    1986/  1987/  with  a  different  group  of  students 
each  year. 

Underlying  the  project  are  a  number  of  beliefs  and 
assumptions  related  to  the  education  of  the  g  fted  and 
talented.    As  we  designed  this  project  we  have  tried  to 
inplement  these  beliefs  for  the  purpose  of  challenging  and 
encouraging  our  youth. 

We  believe: 

*  Many  potential  talents  lie  dormant/  unsuspected  and 
undeveloped  in  many  people  j   the  human  brain  is  being 
only  partially  used. 

*  Gifte^ss  is  often  highly  specialized;  a  person  gifted 
in  poetry  may  not  be  gifted  in  mathematics/  a  gifted 
mathematician  may  not  be  a  gifted  artist. 

*  To  locate  gifted  persons,    we  must  cast  our  nets  widely 
in  unlikely  as  well  as  likely  places    -  a  darocratic 
principle  which  gains  the  support  of  the  public. 

*  Students  gifted  in  mathem-wics  thinking  can  grasp 
meanings  and  concepts  and  can  create  new  ones. 
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*  The  persons  most  likely  to  detect  giftedness  and  to  pro- 
vide for  its  devalopment  are  the  masters  in  each  field. 
In  this  project/  mathematics  teachers/  very  familiar  with 
all  their  students/  selected  those  students  able  to  con- 
ceptualize and  likely  to  be  creative. 

*  Appropriate  opportunities  must  be  provided  to  allow 
talents  to  come  to  the  surface. 

*  The  cotputer  and  LOGO  are  among  the  provisions  that  can 
assist  mathematical  thinking  because  they  allow  rapid 
calculation  and  great  flexibility  in  thought. 

The  importcuice  of  pre-college  preparation  for  careers  in 
science  and  engineering  is  just  b«^inning  to  be  appreciated. 
The  present  need  of  the  country  for  technical  personnel  has 
brought  it  to  our  attention.    The  Japanese  have  excelled  in 
transforming  our  ideas  and  our  designs  into  useful  products 
because  of  our  relative  weakness  in  engineering.  Erick 
Block/  Director  of  the  National  Science  Foundation/ 
expressed  this  concern  in  the  February  6/  1987/  issue  of 
Science  (p.  621)  when  he  includes  "better  pre-<x)llege 
preparation"  among  "the  approaches  we  need  to  employ." 

This  current  project/  The  Cooputer  in  Creative 
Mathematics/  represents  an  educational  strategy  which  may 
prove  valuable  in  pre-college  preparation.    The  objective  of 
this  project  is  to  determine  if  students/  when  provided  with 
a  special  "liberating"  learning  environment/  can  leave  "the 
beaten  paths"  of  the  traditional  branches  of  mathematics  and 
discover  lines  of  thought  that  they  have  not  been  taught. 
The  first  need  was  to  develop  a  theoretical  framework  for  an 
instructional  process  that  would  nurture  creativity. 
PIAGETIAN  LEARNING 

Ihe  educational  philosophy  underlying  this  project  is 
largely  that  of  Jean  Piaget/  renowned  child  psychologist/ 
International  Center  for  Genetic  Epistemology/  University  of 
Geneva/  Geneva/  Switzerland. 


He  studied  how  children  think.    He  found  that  they 
learn  by  doing  and  thinking  about  what  they  do.  He 
discxjvered  that  intellectual  development  does  not  always 
need  explicit  teaching,  that  vast  amounts  of  learning  happen 
without  being  taught.    He  observed  that  knowing  (cognition) 
during  child  development  can  precede  sufficient  comnand  of 
language  to  e:q>ress  vtot  is  known.    This  concept  provides 
for  intuition  and  insight. 

Piaget  indicated  also  that  children  need  the  liberty  to 
free  their  ideas.    Consequently,  they  should  be  allowed  to 
direct  some  of  their  learning.    This  learner-directed 
process,  especially  necessary  for  the  gifted,  gives  freedom 
to  their  imagination,  a  chance  to  make  their  minds  work,  and 
a  challenge  to  their  greatest  ability.  Accordingly, 
students  must  be  encouraged  to  "ronp  creatively"  (19  p.  178) 
with  mathematical  ideas  and  to  follow  their  own  intuition 
and  insights. 

Piaget  introduced  the  new  constructivist  theory  of  the 
development  of  knowledge,  essentially  the  interaction 
between  the  student  and  new  information  which  he  integrates 
into  existing  knowledge  to  form  a  new  structure,    m  1977 
Piaget  said  his  current  research  was  dealing  with  the 
"opening  up  of  new  possibilities. . .the  way  in  which  an 
action,  an  operation,  or  a  structure  acquired  by  the  child 
generates  new  possibilities."  (24  p.  350)  Integration 
involves  many  functijonal  mechani5=!r3  including  assimilation- 
acconmodation,  equilibration,  reflective  abstraction- 
constructive  generalizations,  differentiation  and  inte- 
gration of  sub-systems. 

The  new  structure  presents  new  possibilities,  and 'every 
possibility  generates  new  ones."  (24  p.  350)    The  student 
constructs  from  what  he  thinks  and  what  actually  happens  in 
reality.    As  this  process  of  construction  is  repeated,  an 
ever-wider  range  of  possibilities  can  be  envisaged.  Dis- 
coverios  can  originate  from  this  interaction,  the  result 


varying  according  to  the  competence  and  diligence  of  the 
student  in  the  creation  of  new  structures  and  new  forms  of 
organization,  and  the  ability  to  invent  the  vocabulary  to 
e:q)ress  the  new  ideas. 

Our  current  project  is  based  upon  the  potential  ior 
creativity  in  this  theory  and  upon  the  fact  that 
constructive  generalization  is  thought  to  be  the  main 
mechanism  of  progress  in  mathematics.  (13  p.  337)    We  are 
observing  whether  thP  same  pattern  of  interaction  between 
high  school  students  and  mathematics  prevails  as  it  does 
between  infaiits  and  the  environment.    The  levels  of 
abstraction  and  the  types  of  concepts  among  high  school 
students  may  be  different  from  those  among  elementary 
children  but  Piaget  has  observed  there  is  an  increase  with 
age  in  the  number  of  possibilities  perceived.  (24  p.  350) 
However,  many  mechanisms  are  cannon  to  both  age  levels. 
INTUITION  AND  INSIgfT 

Alfred  Bork  indicates  that  intuition  can  be  built,  tliat 
the  goal  of  educatior  rsyond  "manipuli'tive  skills"  to 

"understanding  intuiti^.ei^  critical  problems  or  needed 
directions  of  advance."  (4  p.  69)   He  says  that  the 
intuition  we  develop  in  everyday  life  comes  from  the  rich 
collection  of  phenomena  we  experience.    Thus,  whenever 
students  can  greatly  increase  and  control  their  experiences 
they  build  intuition  and  open  the  door  to  a  world  of 
insights.    Seymour  Papert,  mathematician  at  Massachusetts 
Institute  of  Technology,  in  an  interview  with  Carlos  Vidal 
Greth  in  1983,  eiCDressed  the  belief  that  a  "con?)uter  poet" 
could  "touch  an  the  deeper  non-logical  dimensions  of  self 
and  the  personal  aesthetic/'  (U  p.  24) 

However,  this  is  not  to  say  that  teachers  and  resources 
are  not  needed.    For  a  learner  to  direct  his  own  learning 
poses  other  problems.    He  needs  the  help  of  a  teacher  who  is 
a  specialist  in  motivation  and  creativeness.    In  fact,  the 
teacher  is  the  key  to  success  in  non-authoritative 
instruction.    He  must  have  sensitivity  and  the  'light  touch" 
of  the  artist,  knowing  just  wtjan  and  how  to  make 


suggestions  without  diverting  the  student *s  own  ideas. 
Also/  the  student  should  have  acxress  to  scholars  and  to  the 
most  up-to-date  knowledge  in  the  field  he  is  investigating. 

The  "liberating"  climate  in  which  the  instruction  takes 
place  is  most  important.    Acceptance,  encouragement  and  joy 
in  learning  appear  to  produce  the  environment  in  which 
intuition/  insights  and  creativity  thrive. 
USE  OF  THE  COMPUTER 

Once  a  sound  educational  theory  is  adopted  the  need  is 
to  apply  it  to  the  learning  environment.    Mobt  fortunately, 
the  conputer  is  now  available  to  assist  the  learner- 
directed  process  in  more  than  a  super-sliderule  capacity. 
It  is  especially  helpful  in  the  study  of  r:^*'y^eu]atics  because 
of  its  great  speed  in  doing  calculations  and  its  ability  to 
make  graphical  representations.    A  whole  universe  of  ideas 
becomes  available  and  the  conputer  allows  the  learner  to 
interact  with  them. 

The  methodology  to  implement  the  philosophy  of  this 
project  and  to  develop  the  "liberating"  climate  is  largely 
that  of  reymour  Papert.    He  became  interested  in  the 
learning  activities  of  young  children  and  the  use  of  the 
conputer  in  their  education.    He  worked  with  Piaget  in 
France  for  five  years.    As  a  result  he  has  combined  child 
development  theory  with  knowledge  of  both  mathematics  and 
conputers  and  has  devised  a  method  of  teaching  mathematical 
thinking  to  young  children/  teaching  them  to  "mathematize." 
(19  p.  194)    He  developed  the  conputer:  programming  language 
LOGO  expressly  for  teaching  children  mathematics.    LOGO  is 
primarily  symbolic  and  secondarily  qucuititative.    It  lends 
itself  especially  well  to  creativity.    Papert  says  that  LOGO 
is  "simple  enough  for  a  five-year-old"  and  "sophisticated 
enough  for  a  computer  scientist."    (11  p.  22) 

LOGO  is  designed  to  contain  state-of-the-art  artificial 
intelligence  concepts  such  as  list  processing  and  recursion. 
It  is  a  conputer  language  that  allows  students  to  start  at 
their  own  lev  1  and  yet  explore  to  the  limits  of  their 
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imagination  and  satisfy  their  creative  desires. 

According  to  Donald  A.  Norman  of  the  University  of 
California  at  San  Diego,  "LOno   has  the  virtue  of 
cleanliness/  and  simplicity  combined  with  elegance  and 
conputing  power.    It  is  a  teaching  device ...  worthy  of 
continued  experimentation  and  evaluation."  (17  p.  226)  It 
has  been  n\ade  available  only  recently.    How  successful  it 
will  be  is  yet  to  be  determined. 

Computer-related  technology  makes  it  possible  for  a 
student  to  redefine  tenns/  redesign  procedures  and  tap  the 
new  depths  of  his  thought.    The  computer  can  be  used  to  add 
new  degrees  of  freedom  to  what  children  learn  and  how  they 
learn  it.    Its  magic  involves  creation  of  new  visions  of  old 
things.    Papert  says  "the  possibilities  are  endless. . .there 
are  small  discoveries"  and  "perhaps  learning  to  make  small 
discoveries  puts  one  more  surely  on  a  path  to  make  big  ones.. 
(19  p.  190) 

Papert  says  "when  •discovery*  means  discovery  this  is 
wonderful..."  (19  p. 178)    He  uses  the  word  in  its  true 
dictionary  meaning.    It  is  not  to  be  confused  with 
the  "Discove  ^  Method"  in  which  the  "teacher"  has  perfected 
a  series  of  questions  that  lead  the  class  to  "discover"  a 
predetermined  result  desired  by  the  teacher. 

A  fundamental  problem  in  creative  mathematical 
education  is  enabling  the  student  to  identify  and  name  the 
new  concepts  and  to  discuss  his  mathematical  thoughts  in  a 
clear  articulate  way.    UX50  helps  develop  the  vocabulary 
necessary  for  articulate  discussion.    Papert  thinks  that  in 
teaching  mathematics  one  should  concentrate  on  teaching 
concepts  and  terminology  which  will  enable  children  to 
articulate  about  the  process  of  developing  a  mathematical 
analysis.    He  states  "the  possibilities  for  original  minor 
discoveries  are  great"  (19  p.  190)  when  using  LOGO  to 
describe  one's  own  ideas. 

Also/  Papert  has  added  a.^<^ther  dimension  to  Piaget 's 
ideas.    Papert  has  "expanded     yund  Piaget 's  cognitive 


emphasis  to  include  a  concern  with  the  affective  •  It 
develops  a  new  perspective  for  education  research  found  in 
creating  the  ccMiditions  under  which  intellectual  models  will 
take  root... feeling,  love,  as  well  as  understanding..."  (20 
p. VII)   He  writes  that  the  critical  factor  is  the  relative 
poverty  of  the  culture.  (20  p.  7)    He  urges  "creating 
conditions  for  the  emergence  of  computer  poets."    (11  p,  24) 
He  says  "I  use  the  cooputer  in  the  same  way  a  poet  uses 
words,  to  touch  on  intimate  and  individual  aspects  of  life. 
(11  p.  24) 
TOE  PROJECT 

Piaget  himself  pointed  out  that  the  heart-breaking 
difficulty  in  pedagogy,  as  indeed  in  medicine  and  in  many 
other  branches  of  knowledge  that  partake  at  the  same  time  of 
art  and  science,  is,  in  fact,  that  the  best  methods  are  also 
the  most  difficult  ones.    As  we  considered  the  preceding 
theories  and  the  applications  of  Papert*s  ideas  in  the 
elementary  school,  my  colleague,  Douglas  Parsons,  agreed  to 
conduct  a  similar  project  with  a  group  of  high  school 
students  in  Oneonta,  New  York.    Our  task  was  to  create  an 
environment  in  which  the  discoveries  were  likely  to 
occur,  to  reduce  the  "poviTty  of  the  culture."  (20  p.  7)  To 
insure  the  beL'     ^sible  project  we  consulted  authorities  on 
Piaget,  LOGO,  mathematics, and  education. 

We  chose  to  explore  in  the  mathematics  area  because  it 
depends  almost  exclusively  on  brain  power  and  the  resources 
within  one's  self.    Daniel  E.Koshland  Jr.,  editor  of 
Science,  referred  to  "programs  that  need  only  time  for 
thinking,  like  some  mathematics"  (15  p.  589)  in  contrast 
to  those  that  need  expensive  hardware. 

We  planned  to  follow  what  I  consider  the  ccmocratic,  as 
opposed  to  the  elite,  procedure  for  eliciting  and  developing 
the  gifts  and  talents  in  all  children:  "interest, 
opportunity  and  performance"  (5  pp.  142-144).    As  John  Hersey 
observed,  "the  value  of  each  individual  to  a  democratic 
society  lies  precisely  in  his  uniqueness...!?  (12  p.  13). 


Consequently,  we  are  advised  to  "cast  your  nets  widely  in 
unlikely  as  well  as  likely  places."  (3  p.  18) 

The  students  invited  to  enter  the  project  were  high 
school  *    'ors  and  seniors  who  had  had  the  traditional 
courses  in  mathematics  and  had  learned  to  use  conpux^ers  with 
the  BASIC  language.    The  students  had  been  observed  by  their 
teachers  to  have  one  special  ability  in  ccminon:    the  ability 
to  develop  mathematical  concepts.    Krutetskii,  a  Russian 
psychologist,  referred  to  these  extraordinary  gifted 
youngsters  with  a  "mathematical  cast  of  mind"  who  need  a 
very  special  e:q)erience  to  develop  these  special  talents  to 
their  fullest.    (10  p.  7)   Those  students  who  accepted  our 
invitation  were  enthusiastic  about  participating  and  felt 
it  was  a  great  opportunity  to  follow  their  interests. 

All  students  had  access  to  IBM  PC  conputers,  not  only 
during  class  but  also  after  school,  evenings,  and  weekends. 
The  computers  were  used  as  tools  to  assist  xn  testing  their 
ideas,  to  increase  the  speed  of  calculations,  to  plot  graphs 
of  mathematical  concepts,  to  control  physical  processes 
toward  definite  goals,  and,  by  means  of  LOGO,  to  articulate 
their  ideas  and  observations. 

Students  who  were  already  interested  in  specific 
problems  were  encouraged  and  assisted  in  pursuing  their 
solutions.    For  the  other  students,  new  ideas  in  mathematics 
were  introduced  such  as  trying  functions  other  than 
quadratics  in  factoring,  and  trying  Penrose  tiling  to  create 
new  designs.   Whenever  language  or  symbols  to  adequately 
express  their  insights  did  not  appear  to  exist,  students 
were  urged  to  invent  them.    This  skill  is  particularly 
needed  by  students  gifted  in  mathematical  thinking. 
EVALUATION 

At  the  World  Conference  for  Gifted  and  Talented  Children 
in  Hamburg,  Germany  in  1985  we  became  interested  in  the 
Model  for  Intellectual  Productivity  of  Dr.  J.  J*  Gallagher 
(copy  attached).    He  presents  six  key  factors,  their  inter- 
action and  relative  inportance.    In  using  the  chart  to 
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inprove  our  project,  we  find  we  are  already  stressing  the 
two  most  iupcrtant  factors:    ability  to  master  abstract 
systene  30-50%  and  opportunities  for  talent  development 
10-20%.    Ihs  remaining  four  factors  are  psychological  and 
sociological  and  we  are  considering  supplementing  the 
project  in  these  areas.    For  exaitple,  we  need  a  way  to  deal 
with  fnistration  when  the  development  of  an  idea  seems  to 
reach  an  impasse.    In  Dr.  Gallagher's  chart  it  is  listed  as 
••Self-confidence  in  Environmental  Understanding  and  Mastery." 

Having  designed  our  project  to  nurture  creativity  we 
needed  ways  to  detect  it.    We  decided  to  examine  the  daily 
logs  of  the  students  for  Polya's  "Signs  of  Progress."  (25 
pp.  178-190)    These  signs  need  not  be  conplete  proofs  but 
rather  plausible  suggestions,  analogies,  and  iirplications  of 
new  information.    For  exanple,  finding  an  additional  factor 
that  inf luenceo  a  situation  and  integrating  it  into  the 
solution  of  the  problem  may  be  "properly  felt  as  progress, 
as  a  step  forward."  (25  p.  182)    Even  though  that  solution 
still  needs  to  be  tested  and  proved,  it  L*uggests  a  direction 
in  which  the  answer  may  possibly  be  found. 

We  selected  criteria  by  which  the  performance  of  the 
students  and  the  results  of  the  project  would  be  judged: 

1.  Have  the  students  learned  ho>  to  use  a  second 
conputer(IEM)? 

2.  Have  they  learned  a  second  computer  language 
(IjOGO)? 

3.  Have  they  learned  to  "nathematize"  as  opposed  to 
manipulating  a  set  of  fonmila  symbols  and/or  figures 
according  to  a  set  of  cooputational  rules?   Are  they  better 
able  to  grasn  the  whole  situation  as  opposed  to  calcvilating 
parts? 

4.  Has  the  experience  in  the  project  enabled  them  to 
see  their  own  thinking  processes  more  clearly,  to  be  more 
critical  of  them  and  more  constructive  in  taking  the  next 
step?    (22  p.  141) 

5.  Have  they  learned  their  "skill  for  coping"  (22  p. 


145)  by  spotting  issues  and  separating  the  relevant  from  the 
irrelevant  in  a  situation? 

6.    Have  any  new  ideas  "just  popped  into"  their  heads? 
(22  p.  139)    Did  any  learning  just  h?ppen?   Has  there  been 
any  evidence  of  intuition  or  "non-logical  dimensions?"  (11 
p.  24) 

1.    Have  the  students  added  anything  of  their  own  x:o 
the  data  base?    Have  they  related  parts  of  the  data  base  to 
each  other  in  new  ways?   Have  they  felt  free  to  explore 
their  own  :  leas? 

8.  Are  there  any  evidences  of  affective  learning? 
emotional  or  ae^^thetic  involvement?   fanciful  or  playful 
purposes?  "feeling,  love  as  wall  as  understariding?"  (20  p. 
VIII) 

9.  Have  they  made  any  "small  discoveries,"  defined  as 
ideas,  lines  of  thought  or  facts  not  previously  known  to  the 
student,"  in  mathematics,  education  or  other  fields? 

10.    Have  any  of  the  students  made  "significant 
discoveries:"    actually  new  knowledge  not  previously  known 
in  mathematics,  education  or  other  fields? 
CONCUJSION  -  A  HOPE  AND  A  CHALLENGE 

Papert  states  "the  cotputer  has  brought  us  the 
technological  infrastructure  that  can  make  possible  a  real 
intervention  in  the  learning  environment."  (19  p.  202)  He 
believes  it  can  even  "touch  deeper,  non-logical  dimensions 
of  self  and  the  personal  aesthetic."  (11  p.  24)  He 
expresses  the  hope  that  we  "can  make  the  most  of  it."  (19  p. 
202)    In  ♦•>'^5  project  we  are  trying. 

PROGRESS  OF  THE  PROJECT 

Evaluating  our  progress  against  the  procedure, 

"interest/  opportunity,  performance  "  we  note 

th-^  following  findings: 
SPECIAL  INTERESTS  OF  STUDENTS 

In  evaluation  of  the  project  over  three  years,  there 
is  a  question  whether  our  scope  in  regard  to  potential 


nathenatical  talent  is  too  limited.   Vfe  have  chosen 
interested/  able  students  but  only  those  who  have  already 
taken  the  mathematics  courses*  We  are  "casting  our  nets" 
only  in  the  likely,  not  the  unlikely  places.    Perhaps,  in 
another  project  or  in  an  expansion  of  this  one,  we  should 
explore  interests  of  all  students  vita  a  whole  class, 
perhaps  all  seniors  or  all  juniors  or  even  lower  classes* 

Beatrice  King  in  "The  Educating  of  the  Gifted  Child  in 
Bulgaria"  observed  that  "in  Bulgaria  the  concern  is  not  with 
how  to  detect  talent  and  ability,  but  with  the  provision  of 
opportunities  for  talent  and  ability  to  show  themselves, 
with  the  creation  of  demand  -  situatic  3  that  will  call 
forth  talent."  (14  j^.  241-254) 

We  in  the  Iftiited  States  have  been  overly  coicemed  with 
the  selection  of  gifted  students  and  not  sufficiently 
cwicemed  with  the  opportunities  to  "show  themselves,"  except 
with  athletes.    Each  culture  gets  the  talent  it  values  most, 
apparently,  this  country  with  its  "poverty  of  the  culture" 
does  not  yet  value  the  contributions  to  society  the  gifted 
and  talented  can  make.    Consequently,  wr        resistant  to 
providing  inspiring  situations  which  sei^^   he  interests  of 
children  and  "call  forth  latent  talent." 
OPPORTONITIES 

As  for  oi^rtunities  for  the  students  selected,  we  have 
provided  the  teacher/  the  conputer  room,  one  period  with 
access  to  the  ccoputers  within  each  school  day,  and  one 
period  a  week  for  the  students  to  meet,  exchange  ideas  and 
hrain~t,torm. 

We  have  indicated  that  the  teacher  is  key  to  the 
success  in  non-authoritative  instruction.    In  my  opinion,  my 
colleague,  Mr.  Parsons,  is  adept  in  this  difficult  role. 
Just  what  do  you  tell  the  students?   When  do  you  tell  it? 
If  yc^i  tell  them  your  objectives,  will  they  as  usual  try  to 
please  the  teacher?    If  you  help  them  with  ideas,  will  they 
ignore  their  own?    If  you  do  not  help  them,  will  they 
flounder  and  beccme  discouraged  for  lack  of  one  bit  of 


knowledge  the  teacher  could  easily  supply? 

Mr.  Parsons  still  found  it  was  good  to  teach  the  group 
some  basic  skills  in  the  usual  way:    list  processing, 
recursion,  gra^iics,  and  other  means  in  LOGO.    He  used  good 
models  and  problem-solving  methods  but  the  students 
proceeded  largely  on  their  own  -  finding  and  exploring 
possibilities  that  interested  them. 

Unfortunately,  we  have  not  yet  been  able  to  supplement 
the  teadier  vith  mentors  who  have  expertise  in  various 
branches  of  mathematics  and  can  work  vith  individual 
students. 

Finding  an  interesting  question  one  wants  to  piusue 
seems  to  be  the  most  difficult  problem.    The  choice  should 
be  based  on  the  student's  own  curiosity.    Assistance  by  the 
teacher  may  be  necessary  at  this  point.    The  students  can  be 
encouraged  to  reflect  on  the  math  courses  they  have 
previously  studied  to  see  if  they  questioned  or  vondered 
about  anything  there.    Mathematical  issues  mentioned  in  the 
currenc  articles  such  as  randomized  response  can  be  brought 
to  their  attention.    A  braiii-storming  session  can  be  held  in 
which  all  students  suggest  questions  that  intrigue  t'lem. 

Another  problem  is  the  difficulty  of  freeing  one's  self 
from  present  knowledge  cind  handling  it  so  it  aids  rather 
than  hinders  nev  ideas.    One  girl  said  she  had  difficulty 
thinking  other  than  vith  the  calculus  she  had  already 
learned. 

Also,  the  project  -ach  year  takes  place  only  10  weeks 
during  the  last  quarter.    It  is  the  least  desirable  quarter 
because  of  end-of-year  activities.    However,  it  is  the  only 
time  presently  available  in  the  school  r^chedule. 
PERFORMftNCE 

In  evaluating  performance,  we  have  Mr.  Parsons'  opinion 
based  on  his  daily  work  vith  students  and  his  tests.  In 
addition,  we  have  a  very  valuable  log  for  each  student  in 
vhich  he  records  his  procedures  and  thoughts  each  day.  Mr. 
Parsons  and  I  read  these  very  carefully  looking  for  signs 


that  the  objectives  vere  reached  including  especially 
unusual  ideas  and  "discoveries." 

A  caveat  in  judging  perf  ormejice  is  to  beware  of  the 
tendency  of  students  to  do  whatever  pleases  the  teadier  and 
to  "finish"  a  project  as  opposed  to  carrying  on  an  open- 
ended  investigation. 

In  all  phases  of  this  project  we  value  the  judgment  of 
experts  on  the  performance  of  each  student. 
NEW  DIRECTI(»IS 

Every  good  e^qjeriment  suggests  further  investigation. 
Some  of  the  directions  this  project  has  already  indicated 
are: 

Can  •netacognition,  awareness  of  one's  own  thinking 
processes  be  inproved  so  as  to  lead  to  more  original  ideas? 

Can  curriculum  changes  be  made  to  provide  more  time  for 
the  development  of  the  unusual  talents  of  each  student? 

How  can  we  find  e:q)erts  as  mentors  who  will  help 
students  interested  in  their  specific  fields? 

How  can  we  discover  the  "mathematical  cast  of  mind" 
when  it  is  existing  in  a  latent  state  within  an  individual? 

What  incentives  can  we  introduce  to  motivate  students 
to  enjoy  thinking  and  doing  original  work? 

If  creativity  is  be^ng  stimulated  in  our  project,  are 
the  students  transferring  it  to  their  othar  subjects  and 
activities? 

What  traits  and  skills  are  desirable  in  teachers  of  the 
gifted? 
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The  oatputer's  aiding  in  the  identification  of  and 
providing  a  vehicle  for  the  special  interests  and  abilities 
of  gifted  and  talented  children  is  being  explored  in  this 
project,  "The  Conputer  in  Creative  Mathematics."  Utilizing 
a  non-traditional  learning  environment,  a  "language" 
designed  to  be  used  within  that  environment,  and  students 
diosen  from  regular  conputer  science  classes,  we  are 
»n:^r^>*:irv7  ^o  provide  such  a  vehicle. 

W?,  ViCf?  prc-i=^ritly  cotnleting  the  third  year  of  a  five 
2       \%tudy  of  this,  exciting  conc^t.    This  is  only  a 
s:,      sxs  of  a  lUJCh  longer  paper.    The  conplete  paper  can  be 
CDVai  2<i  b^'  oonUcting; 

Douglas  L.  Parsons 
Oneonta  Senior  High  School 
Oneonta,        York  13820 

It  is  no  ^ti\^Y  task  in  many  high  schools  to  offer 
studerts  an  alc^crative  to  the  traditional  course  content 
for  ten  waek/',^  to  provide  them  with  cotrpjters  and  materials 
to  ejqplore  in  a  ironducive  learning  environment  for  43 
minutes  each  diiy,  and  to  obtain  administrative  support  for 
such  a  proja»::t. 

Fortunately,  we  have  designed  a  comnuter  science 
course  in  which  the  enphasis  is  on  learning  conputer 
science  and  not  a  specific  language.    Thus,  for  the  first 
thiree  ten  week  qu2u:ters  tlie  students  study  the  BASIC 
language.    For  the  last  ten  weeks  of  the  course  the 
students  a-  i  'J:)O03e  any  phase  of  ocnputer  science  and  do  an 


in-depth  study  of  that  area.  This  fourth  quarter  provides 
the  ten  weeks  needed  for  our  project. 

Oneonta  Senior  High  School  was  one  of  the  original  77 
schools  in  the  nation  chosen  by  IBM  to  receive  15  PC's  and 
all  the  software,  including  DCX30,  in  a  pilot  program  to 
introduce  the  IBM  ccqputer  into  the  educational  setting. 
We  dK>se  to  house  these  ca^t^uters  in  a  special  lab 
available  to  all  students  during  the  day  and  not  tied  up  by 
class  instruction.    Ohis  lab  provided  an  effective  setting 
for  the  project. 

The  next  st^  in  getting  the  project  off  the  ground 
was  to  gain  administrative  approval  and  si^jport. 
Understandably,  the  key  question  asked  by  the 
administration  was,  "In  what  ways  will  our  students  benefit 
from  this  project?**    It  was  explained  that  they  would 
benefit  in  t^o  significant  ways     First,  students  would 
learn  hew  to  operate  and  becoir   'amiliar  with  a  different 
oonputer,  since  their  first  ti*ree  quarters  of  study 
involved  using  a!RS-80  conputers.    Second,  euid  more 
importantly,  they  would  be  learning  a  new  cotrputer 
"language**  through  graphics,  an  area  we  did  not  teach  in 
the  ooirputer  classes.    The  administration  approved  tiie 
pro:  ct  in  1985  and  has  continued  to  be  supportive. 

SELECTION  OP  STUDENTS 

Since  the  object  of  this  project  was  to  provide  a 
special  "liberating**  learning  environment  and  an  avenue 
through  which  the  students  oould  leave  *'the  beaten  paths**, 
a  major  concern  for  us  was  the  selection  of  students  who 
would,  when  provided  with  this  liberating  environment, 
naximize  the  opportunity,    ihis  required  a  careful 
selection  of  self -directed,  capable  students  who  could  work 
with  a  minimum  of  direction.    During  the  first  year  of  the 
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project  the  selection  process  -.^^as  aided  by  having  a  pool  of 
120  students  in  six  ooqputer  science  classes.    There  was  a 
list  of  fourteen  juniors  and  seniors  who  had  cuipleted 
three  years  of  high  school  mathematics,  had  taken  one 
semester  of  pre-calculus ,  and  were  presently  taking 
calculus. 

In  the  second  year,  however,  the  pool  of  students  was 
only  40  students  in  tWL»  ooqputer  science  classes,  Vt/ 
colleague.  Dr.  COutant,  and  I  thought  we  might  try  to 
utilize  seme  younger  students  and  perhaps  have  them 
continue  in  the  project  ind^ndently  in  future  years. 
Ihus,  in  the  second  year,  we  included  some  sophomores, 
advanced  students  who  were  conpleting  their  third  year  of 
nigh  school  mathematics  and  planning  to  take  pre-calculus 
in  their  junior  year. 

In  the  third  year  of  the  project  we  were  down  to  a 
pool  of  only  20  students  from  one  computer  class.    We  once 
again  chose  juniors  and  seniors  who  met  the  same  criteria 
used  in  the  first  yar  of  the  project. 

After  p-tablishing  the  criteria  for  seclection,  I 
conferred  with  Mrs.  Jacqueline  Sotvo,  Coordinator  of 
compute.      'ence,  and  also  the  mathematics  teacher  who 
taught  geometry  to  most  of  the  selected  students .    We  felt 
that  the  students*  response  to  geonetry  gave  us  a  keen 
insight  into  their  ability  to  conceptualize.    Mrs.  Scavo 
helped  me  in  making  the  final  selection  of  students  whan  I 
then  invited  to  participate  in  the  project. 

Approaching  the  students  waS  a  very  critical  step,  I 
vanted  to  give  them  enough  information  to  whet  their 
appetites,  hut  I  did  not  want  than  to  be  familiar  with  the 
whole  project  until  they  were  well  into  it  for  fear  that  I 
might  influence  their  thinking,  approach,  and  direction.  I 
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explained  that  I  wanted  to  include  them  in  a  special 
project.    In  this  project  they  would  be  required  to  learn  a 
new  ccuputer  "language"  (liDGO)  and  to  use  the  IBM 
ocwputers.    I  noted  that  they  would  be  on  their  own,  using 
the  WGO  "language**  to  pursue  any  area  of  interest  dealing 
with  ocnputers.    Initially  we  stated  that  the  area  should 
pertain  to  mathenatics  or  calculus,  but  after  the  first 
year  revised  that  to  be  amy  area.    I  explained  that  their 
learning  would  be  mostly  self-directed  study,  but  I  would 
be  available  for  assistance  when  needed.  Each  student  was 
approached  individually  and  was  asked  to  let  me  know  in  a 
wsek.    Most  students  were  enthusiastic  about  the  project. 

STUDENTS'  CHARGE 

I  handed  the  students  a  copy  of  IBM  LOGO:  Prograirminq 
with  lUitle  Graphics  and  said,  "Learn  LOGO  through 
graphics.**   As  they  learned  the  graphics,  which  they  had 
not  been  exposed  to  prior  to  this  time,  I  asked  them  to 
consider:  1)  possible  mathematical  projects  or  problems  2) 
any  possible  project  that  might  )je  interesting  to  them  and 
that  they  might  want  to  pursue  in  some  depth  later  on  in 
the  quarter.    In  order  to  assist  the  students  in  their 
daily  work  and  to  keep  a  record  of  their  progress, 
thoughts,  feelings,  acconplishroents,  and  disappointments, 
they  were  asked  tx)  ke^  a  daily  log.    They  also  kept  a 
diskette  of  all  their  programs,  those  copied  fron  the  book, 
those  altered  by  thj  student  and  those  totally  created  by 
the  student.    The  last  student  requirement  was  a  final 
exam,  a  copy  of  which  is  attached.    The  purpose  of  this 
final  exam  was  to  encourage  students  to  examine  how  thev 
think  and  to  provide  a  vehicle  through  which  they  couiu 
draw  their  own  conclusions  about  this  total  project.  The 
logs,  diskettes  and  final  exams  provided  us  with  the  basis 
for  evaluation  of  the  students*  progress  and  the  basis  for 
evaluation  of  the  total  project. 


At  this  point  I  would  like  to  clarify  Dr.  Coutant's 
reference  to  my  teaching  the  students  list  processing, 
recursion,  graphics  etc..    As  the  previously  stated 
instructions  indicate,  I  did  not  sit  the  students  dcwn  in 
the  classroom  and  discuss  these  topics.    Instead,  through 
the  use  of  LOGO  and  turtle  graphics,  these  topics  were 
••learned". 

EVALUATION 

We  have  structured  the  results  of  this  ongoing  project 
to  follow  the  criteria  for  evaluation  as  discussed 
previously  by  Dr.  Coutant.    The  seven  girls  and  fourteen 
boys  chosen  for  this  project  ranged  in  ages  from  fifteen  to 
eighteen.    They  worked  from  twenty-four  to  thirty-four  days 
for  forty-three  minutes  each  day. 

On  the  first  day  of  the  project  the  students  were 
administered  the  Longeout  Test.    The  results  were 
predictable  since  these  students  were  all  well  beyond  this 
stage  in  their  thought  process.    Out  of  twenty  eight 
questions,  twelve  were  testirx^  concrete  thinking.    Of  these 
twelve,  one  question  was  missed  only  once.    Of  the  sixteen 
questions  testing  formal  thinking,  the  average  was  thirteen 
correct  and  the  range  was  from  eleven  to  sixteen  correct. 
Thus,  acoording  to  the  test  results,  each  individual  in  the 
group  tested  well  in  formal  operational  thinking.  Most 
stucients  felt  that  the  test  was  very  easy. 

LEARN'  IBM 

In  evaluating  wtietlier  the  students  have  learned  to  use 
the  IBM  conputer,  I  must  conclude  from  the  lack  of  oomments 
in  their  logs  and  from  the  volume  of  work  that  was  produced 
by  each  individual  on  the  coqput3r,    they  all  learned  how 


to  use  the  IBM  PC  Catputer  specifically  with  the  software 
"langfuage*  LCX30. 

LEARNED  UXO 

Prior  to  be^'-'ning  this  project,  all  of  the  selected 
students  had  demonstrated  a  high  degree  of  understanding  of 
BASIC.    However,  as  I  have  stated,  they  did  not  have  any 
understanding  of  graphics.    By  the  conclusion  of  this 
project,  all  of  the  students  have  gained  a  thorough 
knowledge  of  LOGO  Graphics  and  varying  degrees  of  knowledge 
of  WOO  as  a  very  powerful  language.    Their  knowledge  of 
graphics  was  demonstrated  on  their  diskettes  and  in  their 
logs  as  they  worked  through  the  graphics  bode  changing  and 
adapting  the  prograins  already  supplied  in  the  ^X3k  and 
creating  their  own  programs,  utilizing  the  concepts 
encountered  in  the  book. 

Throughout  the  students*  logs  there  is  much  evidence 
of  affective  as  well  as  cognitive  learning.    Wfeiny  students 
have  commented  about  and  expressed  a  variety  of  emotional 
involvement.    Through  this  project  we  have  observed  a 
positive  affective  tone  created  by  the  "language"  of  LOGO, 
the  ooroputer,  and  the  conditions  for  learning.  It 
continues  to  be  a  source  of  great  pleasure  for  us  to  see 
the  way  high  school  students  become  completely  absorbed  in 
learning  with  the  oonputer.    We  have  noted  how  the  students 
have  become  emotionally  involved  and  express  this  emotion 
quite  freely. 

The  students*  learning  of  LOGO  as  more  t?ian  just 
graphics  took  on  a  different  approach.    Since  the  graphics 
were  totally  dpm  to  them,  they  had  no  frame  of  reference  to 
oonpare  it  with.    However/  LOGO  as  a  ootrputer  language  was 
constantly  being  conpared  to  the  languages  they  had  learned 
previously.    Different  sturctures  that  existed  in  other 


languages  were  looked  for  in  LOGO.    Initial  irrpressions  of 
the  language  of  UXO  were  sometimes  proved  correct  and 
sometimes  proved  incorrect.    Many  of  the  students  were  able 
to  understand  and  describe  the  power  of  LOGO  as  more  than 
just  a  graphics  "language". 

The  studenvs*  .logs  gave  us  a  feeling  for  the  diversity 
of  approaches  thoy  used  in  learning  LOGO  and  LOGO  graphics. 
Each  student  relied  on  his/her  own  thoughts  and  ideas 
r?*-.her  than  being  directed  or  "taught  Ikw  to"  in  the 
traditional  sense.    The  graphics  book  provided  the  needed 
structure  for  most  of  the  students  to  advance  *  bt!t  did  not 
hinder  their  cum  exploring  and  diverging  from  the  yiv-en 
sarrples. 

Although  the  concept  of  "mathematize**  is  hard  to 
evaluate,  there  were  definite  glirtpses  in  the  students* 
logs  of  them  "grasping  the  whole  situation  as  opposed  to 
calculating  the  parts".    One  concept  of  nathematize  is  the 
ability  to  solve  problems.    By  having  the  students  go 
through  the  learning  on  their  own,  they  created  their  own 
problems  and  also  demonstrated  good  problem  solving 
techniques  to  solve  these  problems.    One  student  used  the 
concept  of  problem  solving  working  backwards.    A  number  of 
students  refer  to  the  concept  of  a  top  down  design  in 
approaching  their  programs.    Other  students  have  indicated 
that  the  editing  process  in  LOGO  has  made  them  more  aware 
of  paying  attention  to  details. 

OWN  THINKING  PROCESS 

The  information  gathered  about  the  students*  thinking 
process  was  mostly  in  response  to  question  two  in  the 
students*  Tiiial  examination.    Responses  ranged  from  waking 
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in  the  middle  of  the  night  with  the  answer  to  a  problem, 
not  being  ^ble  to  write  thoughts  down  quickly,  to  one 
student  stating  he  had  no  thinking  process  at  all!    A  fsw 
.  elated  their  thought  process  to  already  learned  skills. 

aCILL  FOR  OOPICC 

Ihere  seetr  to  be  as  rany  ways  of  ooping  as  there  eire 
subjects  for  this  project.    Some  students  use  previous 
knowledge  to  cope  with  inadequacies  of  the  language.  Other 
students  have  ooped  by  not  straying  from  the  graphics  book 
and  the  reference  book  provided  for  the  students'  use. 
They  feel  that  they  must  proceed  page  by  page  to  understand 
the  language  fully  before  they  branch  out  into  some 
project.    A  number  of  students  felt  that  they  had  to  write 
their  work  out  on  paper  to  deal  with  the  frustrations  that 
kept  rising  out  of  the  self -directed  learning.  Backing 
away  from  the  iirmodiate  situation  and  letting  the 
stiboonscious  work  on  the  problem  was  a  method  utilized  by 
others.    At  least  two  students  felt  that  their  previous 
knowledge  hindered  their  ability  to  let  ideas  and  cxDnc^ts 
flow  freely  in  their  minds. 

NBW  IO£AS 

Although  some  students  ocrinented  on  how  ideas  came  to 
them,  I  feel  certain  that  since  the  students  were  unf'  illed 
in  amsdyzing  their  own  thought  processes  and  untrained  in 
writing  logs,  rany  of  the  new  ideas  that  did  occur  were  l 
recorded.    At  least  one-fourth  of  the  students  ooranented  in 
their  logs  about  how  the  lack  of  specific  directions  and 
the  total  freedom  were  idea  stifling.    Over  half  of  them 
felt  that  ten  weeks  was  not  enough  tiro  to  conplete  their 
projects.    They  felt  if  they  had  more  time  they  could  give 
a  better  evaluation  of  the  total  process. 
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At  this  point,  the  concept  of  the  students'  exploring 
their  own  ideas  without  interference  has  been  well 
established.    We  did  not,  however,  want  the  students  to 
work  in  a  vacuum.    Dr.  Coutant  eiqplained  that  the  students 
would  get  together  once  a  week  and  share  their  ideas, 
suggestions  cind  problems.    Unfortunately,  we  wsre  not  able 
to  keep  to  the  strict  once  a  week  get  together,  but  when 
the  students  did  get  together,  there  was  much  sharing.  By 
sharing,  they  were  able  to  relate  parts  of  the  data  base  to 
each  other.    T.je  students,  especially  in  the  last  two 
years,  did  not  wait  for  the  weekly  get  togethers  to  share 
ideas.    Many  of  them  were  vrorking  on  the  project  at  the 
Sctme  tiite  eind  could  easily  share  ideas.    At  least  one 
student  invited  another  non  project  member  into  the 
room  cind  tat^ht  her  how  to  use  the  newly  lesurned  oonimnds. 

SMALL  DISCOVERIES 

Many  of  the  stuients  "discovered"  what  we  vrould 
consider  sitall  discoveries.    Discovering  about  the  keyboard 
of  the  IBM  oonputer,  creating  new  camands  in  lOGO  to  find 
out  later  on  that  they  exist  in  the  reference  book,  having 
a  graph  of  an  equation  skip  over  "holes"  in  the  graph  or 
skip  Gs^er  assymptotes  and  deriving  the  quadratic  equation 
while  working  to  solve  a  quadratic  are  a  few  of  the  small 
discoveries  these  students  have  been  able  to  express. 
Because  thci  students  have  all  learned  I/XSO  graphics  and 
varying  degrees  of  the  lOGO  "language"  during  this  project, 
all  the  facts  they  have  discovered  would  be  uxd  numerous  to 
mention. 

OONCXtBION 
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Ihe  first  three  years  of  this  project  have  been 
sucoessful  in  creating  a  liberating  learning  environment 
for  the  students,  ihey  have  explored,  created,  and  learned 
vrithout  a  curriculum.    The  coqputer,  the  IDGO  "lar.guage", 
and  the  students*  curiosity  provided  enc'igh  rotivation  for 
nost  of  them  to  progress  at  a  rate  beyond  our  expectations. 
We  have  learned,  however ,  maturity  should  be  a  crita-  on 
in  student  selection.    Ihroughout  this  project  we  hai»e  had 
sane  very  mature  young  people  who  are  self-motivated  and 
appreciate  the  opportunity  to  learn  for  learning's  sake, 
^ie  have  also  seen  that  the  immaturity  of  sane  students  has 
thwarted  their  progress.    In  the  next  two  years,  because  of 
the  fteedom  extended  to  each  studert,  the  maturity  factor 
will  play  a  role  in  our  selection  of  students. 

FINAL  EXAM  £030 

PLEASE  NOTE:  As  you  respond  to  each  of  the  following,  it  is 
essential  that  you  refer  to  your  log  for  supporting  exaiqples 
and  ^)ecific  details. 

1.  A.    Identify  clearly  your  objectives  for  this  project. 
B.    Hew  did  you  structure  your  project  to  achieve  these 

objectives? 

2.  Select  either  A  or  B.  Ihroi^h  specific  references  to 
your  project,  write  ^veral  sentences  supporting  that 
opinion. 

A.  My  project  heightened  my  awsureness  of  my  thinking 
process. 

B.  My  project  did  not  heighten  my  awareness  of  my 
thin)ung  process. 

3.  As  you  wrked  through  your  project,  how  did  you  de  Blop 
"new  ideas?"  Be  sure  to  express  yourself  carefully  and 
clearly  to  oonvey  the  style/process  you  used. 

4.  Describe  -small  discoveries -(ideas,  lines  of  thought 
and/or  facts  you  had  not  been  aware  of  before)  that  you 
made  through  the  project. 

5.  In  your  opinion,  what  is  one  negative  aspect  of  LOGO? 
If  you  oould,  hew  would  you  change  this  aspect  to 
inprove  the  language? 
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RE-ENERGIZING  THE  SCHOOL  MATHEMATICS  CURRICULUM 
Douglas  H.  Crawford,  Queen's  University 

I.  TRHTOS  IN  SCHOOL  MATHEMATICS  SI«CB  SPUTNIK 

Beginning  with  Sputnik  m  1957,  the  School  Mathematics 
scene  has  been  more  or  less  m  flux.     The  late  50's  and 
early  60's  were  dominated  by  "the  new  math"  movement*  This 
was  followed  by  the  increasing  realization  that  the  revision 
of  content  alone,  especially  if  it  was  more  formed,  and 
symbolic  and  not  p£u:ticul£u:ly  well  understood  or  accepted  by 
teerhers  in  the  classroom,  was  not  enough.  Discovery 
learning  in  the  CSA  and  activity  learning  in  the  fJK  formed 
the  next  wave  in  the  mid  to  late  60's  -  a  trend  wnich  was 
generally  welcomed  but  which  subsided  gradually  due  to  a 
combination  to  economic  cutbacks  and  public  perceptions  that 
the  bread  and  butter  basics  of  computation  and  arithmetic 
were  being  neglected.  Thus,  a  new  thrust  became  apparent  in 
the  70's,  the  back  to  basics  movement,  with  a  concurrent 
emphasis  on  assei>sment  and  testing  (Robitaille,  1980),  A 
possible  solution  then  begun  to  evolve  in  the  I  l^.e  70's  as 
the  hand  calculator  emerged  and  relevance  and  applications 
became  the  focus  of  change.     Finally,   at  the  becunnmg  of 
the  80's  the  landmark  publications  of  an  Agenda  For  Action 
(NCTM  1980)  and  the  report  cf  the  Cockcroft  Committee  m  the 
UK  (1982)  redefined  a  mu<h  more  comprehensive  context  for 
rethinking  scnool  mathematics. 

The  NCTM  agenda  report  made  eight  recommendations,  the 
first  three  of  which  (p£u:aphr as ed)  were: 

i)      problem  solving  must  be  the  focus  of  school 
mathematics, 

II)  the  concept  of  basic  skills  "must  include  those 
things  which  are  essential  to  meaningful  and 
productive  citizenship  for  the  immediate  and 
future" 

III)  mathematics  programs  must  take  full  £dvantage  of 
the  powers    of  calculators  and  computers  at  all 
grade  levels. 


The  other  recommendations  were  equally  praiseworthy  and 
related  to  higher  standards,  more  flexible  curricula,  and 
higher  levels  of  support  systems  for  the  school  mathematics 
enterprise  generally.     The  word  "must"  figured  in  all  of  the 
last  five  recommendations. 

The  Cockcroft  inquiry  into  the  teaching  of  mathematics 
in  the  UK  began  in  September  1978  and  Uie  Committee 
submitted  Its  final  report  in  November  1 981 ,    Apart  from 
meeting  on  64  days  which  included  three  residential 
meetings,   it  commissioned  studies  of  the  mathematical  needs 
of  employment  and  of  adult  life  generally  and  a  review  of 
existing  research  on  the  teaching  and  learning  of 
mathematics.    Finally,  members  made  many  visits  to 
organizations  and  firms  and  numerous  submissions  were 
received. 

The  report  is  m  three  parts  -  the  first  considers  the 
i.aportance  of  mathematics  as  a  discipline  or  school  subject 
for  the  individual  and  society,  the  second  examines 
mathematics  m  schools  -  its  content,  methods,  assessment, 
intent.     Part  three  discusses  the  context  and  resources  for 
math.ematics  m  schools  m  terms  of  facilities  and, 
especially,  mathematics  teachers,  including  teacher-supply, 
qualifications,    and  mservice  support  in  its  discussions. 
While  the  report  represents  a  very  careful,  thorough  and 
comprehensive  study  of  school  mathematics  it  distributes  its 
many  recommendations  throughout  the  report  and  only  comments 
m  a  general  way  on  them  m  a  final  chapter  ("The  way 
Ahead' ). 

The  surveys  and  research  studies  commissioned  by  the 
Committee  revealed  that  adults  often  had  feelings  of 
anxiety,  helplessness,  fear  and  even  guilt  when  reauired  to 
undertake  a  simple  piece  of  mathematics.    There  was  also 
perception  that  accuracy  and  speed  showing  all  neat  and 
working  neatly  and  using  all  the  proper  methods  to  obtain 
exact  answers  were  all  central  char  a.- tens  tics  of  learning 
mathematics.    Specific  areas  which  presented  difficulties 


were: 

1.  Understanding  of  percentages. 

2.  The  meaning  of  rate  of  inflation. 

3.  The      odmg  of  charts  and  timetables. 

4.  Willingness  to  use  the  hand  calculator  and 
discouragement  at  the  large  number  of  figures 
after  the  decimal  point. 

The  Committee  recommended  that  teachers  ensure  that 
their  pupils  have  the  abilities: 

"To  lead  numbers  and  to  count,   to  tell  the  time,  to 
pay  for  purchases  and  to  give  change,  to  weigh  and 
measure,   to  understand  straight  forward  time  tables 
and  simple  graphs  and  charts  and  to  carry  out  any 
necessary  calculations  associated  with  these." 
Additionally,  students  should  develop  a  feeling  for 
number  which  ediows  sensible  estimation  and  approximations 
to  be  made  and  most  importantly,  eriul  have  suf  ,cient 

confidence  to  make  effective  use  of  the  mathem^.tical 
knowledge  they  possess. 

Roughly  speaking,  *^hese  abilities  constitiJte  what  the 
tfiport  cedls  numeracy  -  the  ability  to  apprecic  e  and 
understand  mathematics  as  a  means  of  coumunication. 

The  report  deals  w*-J-.  computers  m  genered.  terms 
pointing  out  that  'in  V^;2)      e  are  still  at  a  ver"  early 
stage  in  the  developmc.  -  of  their  use  as  an  aid  m  teaching 
math  en  at  ICS".    It  reminds  it?  reade  s  th  u  mathematics 
teachers  have       far'  not  made  great  progress  m  the  use  of 
other  aids  such  as  the  overhead  projector  or  the  calculator. 
Specific  mention  is  made  of  the  need  to  produce  software 
programs  which  <ire  not  just  "extra's"  but  which  can 
contribute  to  the  mainstream  mathematical  work  of  the 
school. 

Fincdly,  the  report  argues  strongly  for  a  higher  than 
average  l^vel  of  support  for  mathematics  teachers  already 
serving  m  schools,  claiminr  that  school-based  mservice 
support  is  of  fundamental  importance  but  needs  to  be 
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supplemented  by  courses  on  a    local  or  regional  basis.  In 
this  context,  the  leadership  of  mathematics  coordinators  or 
heads  of    departments  is  seen  as  *5ssential  and  ic  is  implied 
that  these  people  must  receive      A^uate  support  and 
training.     Additional  financial  support  for  these  purposes 
IS  necessary  if  improved  mathematical  education  is  to 
result.    In  order  for  eXl  the  issues  and  recommendations  to 
be  addressed,  since  the  committee  believes  that  the  teaching 
of  mathematics  must  be  addressed  as  a  whole,   it  places  the 
responsibility  for  bringing  about  the  necessary  changes  on 
sjx  agencies  supported  by  the  public  at  large.    The  six 
agencies  are:    teachers,   local  education  authorities, 
excunmation  boards,  central  government,  training 
institutions  and  those  who  fund  and  carry  out  curriculum 
developm  enc  and  educational  res  earch. 

Since  1982  there  have  been  many  developments  from  both 
sides  of  the  Atlantic  including  reports  by  various 
committees  and  commissions  as  well  as  continuing  d^ates  at 
conferences  and  xn  journeds  and  the  emergence  of  various 
exper;mentj»  and  projects  ''  rected  at  specific  aspects  of 
math'  nati^     2ducatio  ..     Among  these  are  the  ITM^V  project  at 
Nof^in-.  ^'orsity,   (Burkhardt,  1  983;   F'aser,  1983;  ITMA 

198S),  -ME  project  at  Komerton  College,  Cambridge 

(Shuard,   1986;  SCDC,  1986),   U.e  work  of  Seymoui  Papert  and 
others  at  MIT  (Papert,  1979;  Weir,  1  987)  and  the  University 
of  Chicago  Fecond-ry  Mathematics  Project  (Usiskin,  1985; 
UCSMP,  ^985). 

II.  PRIORITY  ^  IH  CXmWT  AND  EMPHASIS 

1 .     Work  by  the  Author  since  1979. 

After  a  reduct>   i  m  activity  as  a  full  time 
prof ess-fcOnal  mathematics  educator  due  teachina 
responsibilities  in  other  areas  of  education,   the  author 
began  a  rethinking  of  the  needs  of  mathematics  education  in 
1979.    His  first  step  was  to  undertake  a  study  of  basic 
skills  in  mathematics  by  comparir.g  cissessment  stuJies  m  the 


UK,  Canada  and  the  US  (Crawford  1 980)»     This  indicated  the 
need  to  hicn  to  focus  on  estimation  and  approximation  as 
fundamental    <reas  of  knowledge  and  skill  needed  by  everyone 
in  adult  life,  and  a  r'^search  study  on  this  theme  was 
completed  m  1982  ('^rawford  1982)»     During  this  study,  he 
became  even  more  convinced  that  this  area  should  be  used  as 
a  major  bridge  between  mathematics,  science  and  techno logv 
in  schools*    This  led  him  to  the  hypothesis  that  much  of  the 
trouble  with  school  mathematics  (and  perhaps  science  as 
well)  was  due  to  lack  of  emphasis  on  and  understanding  of 
the  significance  of  measurement  m  the  development  of 
industrial  and  technological  societies.  As  a  consequence,  he 
began  to  study  the  use  of  mathematics  m  high  technology 
industries  as    a  way  of  providing  evidence  on  the  actual 
uses  of  mathematics  and  hence  the  possibility  of  a  shift  m 
school  matherratics  from  a  heavy  dependence  on  the    needs  and 
demands  of  university  mathematics.    Two  outcomes  were  a 
res*»arch  study  of  the  mathematics  used  at  a  large 
telecommunications  plant  in  Ontario  (Crawford,  1 984d,  1987b) 
and  a  paper  delivered  to  the  Third  International  Symposium 
on  World  Trends  m  Science  and  Technological  Education 
(Crawford,  1984c).    Additionally,   a  sabbatical  leave  m 
1984-1985  was  devoted  to  studying  science  and  technology 
educati  >n  with  a  view  to  linking  them  r^re  closely  with 
mathematics  education  m  schools  (Crawford,   1984c;  1985a). 
The  impact  of  the  computer  was  also  studied  find  its  likely 
effects  reported  m 'several  papers  (Crawford,  1984a,  I984f, 
1985b).     More  '^ecent^,   a  fecal  point  was  reached  m  a  first 
attempt  to  articulate  a  redesign  of  the  .nathematics 
curriculum  in  sc^400i  (Crawford,  1986b). 

2.  Estimat ion.  Measurement  and  Responsible  Citizenship. 

How  do  most,  fa/  f  OH,  of  people  use  mathematics  in  real 
life?    According  to  the  Cockcroft  report  studies,  and  this  is 
supported  if  one  questions  any  sample  of  adults,  <->-ey  use  it 
to  estimate,   to  measure,  and  to  make  calculations  mainly 


involving  percentages  and  decimals.  They  are  doing  this  m 
an  ever  increasingly  complex  society.  Measuring  and 
controlling  technologically  based  production  by 
sophisticated  measuring  devices  and  mathematiced  techniques 
lie  at  the  heart  of  weeilth  creation  and  technological 
advance.    For  example,  an  article  m  tne  magazine  High 
Technology  of  July  1  987  on  super  conducting  illustrates  this 
point  well.    In  providing  lar  ?e  superconducting  magnets 
which  consist  essentieilly  of  a  cable  wound  around  a  copper 
tube  secured  by  suitably  designed  collars,    it  is  stated  that 
"The  cable  must  ba  kept  from  moving  in  response  to 
the  huge  magp.atic  force  it  will  experience.  A  shift 
of  3ust  one  thousandth  of  aii  inch  would  generate 
enough  energy  to  heat  the  wire  above  its  particular 
temperature  changing  it  abruptly  from  a 
superconductor  to  a  state  of  ordinary  electrical 
resistance.    Following  this  transmission  called  a 
quench,  the  electric  current  would  quickly  heat  the 
magnet  to  several  hundred  degrees  and  the  entire  SSCC 
would  have  to  be  shut  down"  (p.l5). 
And  again,  superconducting  elements  called  Josephson 
Junctions  are  being  used  m  an  oscilloscope  to  measure 
signcils  as  brief  as  ten  pico  seconds  (10"^^  sec). 

Thus  a  well-designed  sequence  of  curricular  experiences 
focussing  on  the  ideas  of  estimation,  accuracy  and  error  of 
measurement  followed  by  graducil  introduction  later  to 
acceptable  ranges  of  error  and  qucilicy  control  m  production 
has  the  potential  to  help  today  and  tomorrow's  students 
understand  the  significance  of  mathematics  m  an 
increasingly  technological  world. 

At  the  same  time,  the  ir*  tractions  of  our  technological 
wealth-producing  activities  «  xth  the  environment  in  which  we 
live,  are  producing  many  u.  desirable  side  ef  ects  sucn  as 
acid  rain.    We  are  therefore  m  great  need  of  understanding 
the  problems  we  are  creating,  fo  that  we  can  learn  to 
conserve  and  use  the  ecological  system  of  which  we  are  a 
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part,  wisely,   intelligently  and  prudently,  it  is  therefore 
increasingly  important  tor  the  ordinary  citizen  to  have  a 
better  understanding  of  the  use  of  precious  natural  and  non- 
renewable   resources  such  as  air,  water  and  energy  fuels  and 
sources  (Allen,  1982;  Crawford,  1987a;  Fremont,  1979; 
Peccei,   1982).     Inevitably  the  questions  of  the  distribution 
and  sharing  of  wealth  are  becoming  more  pressing  as 
evidenced  by  international  disputes  over  oil,  lumber, 
fishery  and  agriculture  policies-ali  occurring  in  the 
context  of  a  highly  fragile  international  financial  system. 
Hence  as  part  of  the  curriculum  of  the  1990*s  there  must  be 
priorit>  emphasis  on  the  quantitative,  logical,  humanitarian 
and  ethical  aspects  of  these  dilemmas  -  in  a  word,  emphasis 
on  mathematics  for  responsible  citizenship, 

3.     Qualitative  and  Higher  Order  Th ink ing  in  Mathematics. 

These  same  technologies  which  are  crowding  in  upon  the 
workplace  need  tnemselves  to  be  understood  and  can  help  us 
greatly  educ;»t  ion  ally.    The  computer  as  a  means  of 
calculation,   information  and  as  an  expert  helper,  now 
r  ^ui^-es  that  we  rethink  much  of  the  curriculum,   in  our  case 
the  mathematics  curriculum. 

With  the  increasing  realization  that  much  tedious 
calculation  and  computation  both  in  arithmetic  and  in 
algebra  can  be  done  by  these  machines,  time  is  apparently 
released  for  teachers  to  focus  on    higher  order  thinking  and 
learning.    Tvo  questions  now  come  to  the  fore: 

i)      What  should  be  done  with  the  released  time? 
il)    Will  students  use  calculators  and  computers 
intelligently  or  will  they  simply  apply 
procedures  which  they  think  or  assume  to  be 
correct  without  understanding  or  checking? 
It  seems  clear  that  the  solution  if  to  put  greater 
emphasis  on  understanding  relevant  ideas  and  contexts.  And 
so  the  translation  from  concrete  three  dimensional  reality 
via  meaningful  visual  images  to  an  effective  and  efficient 


use  of  symbolic  systems  becomes  ever  more  important.  For 
example,  in  a  series  of  researches  by  Hughes  and  others  in 
Scotland  (1983)  and  by  Behr  and  others  in  the  United  States 
of  America  (1980),   cited  in  Hughes  (l986),   children  of  ages 
5-11  have  been  shown  to  have  severe  problems  when  asked  to 
triLOSlate  between  different  representations  of  arithmetic  - 
either  from  concrete  to  written  or  from  written  to  concrete. 
In  partj-cular,   they  have  little  pre-school  experience  of  the 
symbols  +,        +,   and  show  great  reluctance  even  to  use  these 
in  relevant  situations.    Hughes  makes  a  number  of 
suggestions  for  a  new  approach  to  the  learning  of 
mathematics  based  on  his  research,  among  which  are  includ'^ 
several  focusing  on  the  child  ^  learner  (discover  the 
learner's  mathematical  background,  build  on  the  learner's 
own  strategies:,    respect  the  learner's  invented  symbolisms). 
In  a  final  passage,  he  warns  of  the  need  to  see  the  use  of 
new  mathematical  tools  and  techniques  in  perspective- 

"We  want  to  \ntroduce  children  to  the  tools  and 
techniques  which  form  part  of  our  culture  and  whAch 
we  believe  w'-ll  help  them  solve  the  problems  facing 
them.  Yet,  as  these  techniques  grow  more  powerful, 
there  is  a  danger  that  they  will  become  less 
accessible  to  young  children  and  that  teaching 
mathematxCb  -  already  an  immensely  difficult  task- 
will  become  evan  more  demanding  and  time-»;onsum ing. 
Unless  more  resources  are  made  available  withm  the 
education  system,  pressure  of  circumstances  will 
continue  to  make  it  exceedingly  difficult  for 
teachers  to  give  new  ideas,  however  important,  the 
time  and  attention  they  deserve-" 

"If  we  can  redesign  our  educational 
environments....   so  that,    insteid  of  null ify:jng  and 
ignoring  young  children's  strengths,   w^  are  able  to 
bring  them  into  play  and  build  on  them,   then  I  am 
confident  that  we  will  be  able  to  meet  the  challenge 
currently  facing  us."    (Hughes,   pp  183,  134) 


Skenp  (1971  ,1976,1979)  has  become  very  well-known, 
paiTticularly  m  recent  years,  for  his  work  on  schemas  and 
reflective  learning.  His  ideas  of  instrumental  and 
relational  learning  have  led  to  much  discussion.    Some  years 
ago  Skejp  made  a  further  interesting  contribution  to  this 
area  of  transition  from  concrete  to  symbolic  understanding 
(Skenp,  1982).    Any  communication,  verbal,  written  or 
otherwise  first  goes  into  a  symbol  system.    How  this  is 
interpreted,  b'wever,  depends  on  what  relationships  are 
formed  withm  the  conceptual  structure    (eg.  572  is  usually 
interpreted  as  one  number,  no-      ree  single-digit  numbers  as 
it  could  be  if  it  were  a  telephone  area  code).    Skemp  m^es 
five  suggestions  for  developing  symbolic  understanding, 

defining  this  term  as: 

"a  mi*«-ual  assimilation  between  a  symbol    /stem  and  a 
conceptual  s«"ucture,  dominated  by  the  conceptual 
s  tf  uc  tur  e."  (p.6l  ) 

Two  of  Kxese  suggestions  are  to  stay  with  spoken  language 

much  longer  and  to  use  transitional  informal  notation  as  a 

br  idge. 

More  recently,  as  part  of  the  thinking  emerging  as  a 
result  of  the  cockcrof t  report,   Brissenden  (i985)  has 
focussed  on  developing  mathematical  discussion  among  pupils. 
He  argues  that  talk  is  a  way  of  developing  and/or  improving 
understanding,  language  skills,   and  social  skills,   and  that 
it  can  also  provide  the  teacher  with  continued  detailed 
assessment  of  children's  understanding  and  progress.  Three 
aspects  of  the  teacher's  role  are  necessary: 

1.  choosing  mathcmati  ;al  situations  which  support 
discussion  effectively; 

2.  preparing  lesson  patterns  and  class  organisations 
which  afford  proper  opportunities  for 
discussion; 

3.  controlling  the  two  forms  of  interaction  mentioned 
by  Cocke roft  that  ciscusslon  is  generated  and 
sustained. 


The  reader  is  referred  to  Brissenden's  account  for 
further  details  but  essentially  the  teacher  rrust  produce  a 
well  thought  out  mathematical  situation  and  retreat  to  a 
procedural  role  which  requirss  the  teacher  to  exercise 
various  skills  "more  or  less  sub-'--»nsciously  and  m  time  as 
a  matter  of  habit". 

The  work  of  Hug>.es,  Bchr,  Skemp  and  Brissendep  all 
illustrate  what  I  ca.ll  qualitative  mathematics.    This  is  a 
term  I  inherited  many  years  ago  from  Cal^  Gattegno  and  have 
tried  to  explain  m  a  paper  given  in  Melb<  irne,  Australia 
(Crawford  I984e).    Briefly,  it  means  spending  much  wore  of 
the  available  time  in  the  mathematics  class  on  basic  ideas 
and  relationships,     and  clarifying  chelr  meanings 
conceptually  and  qualitatively  before  enshr»-nlng  them  m 
what  may  well  otherwise  become  meaningless  procedures  and 
formulae. 

The  recent  ICMI  report  (Howson  and  Wilson,  1986) 
supports  this  position  strongly. 

"Certainly  there  Is  no  place  for  compulsory 
mathematics  taught  as  a  set  of  rules  and  unexplained 
procedures.    Education  should  be  fundamentally 
rational,  and  m  mathematics  this  implies  that  it 
should  emphasise  relationships  between  items  of 
n*jTn*»r  leal  and  spaolal  knowledge.    For  example,  the 
uses  to  which  a  particular  geometrical  shape  can  be 
put  depends  on  the  properties  of  that  shape,   and  the 
variouo  properties  are  not  Indepencent  pieces  of 
knowledge  but  are  connected  with  each  other.  Again, 
l.i  learning  to  handle  number  efficiently,  it  is  as 
important  to  appreciate  the  connections  ^ctween 
multiplication  and  division,  and  to  recognise  the 
situations  m  which  they  arise,  as  to  be  able  to 
carry  out  the  appropriate  algorithms.  This 
relational  aspect  of  mathematics  becomes  increasingly 
significant  ao  electronic  devices  become  available  to 
carry  out  routine  procedures."  (ICMI,   1986  p.28) 


Finally,  the  £wthors  of  this  ICMI  report  see  many 
potential  benefits  of  the  computer  m  various  content  arecLS 
(calculus,  probability  and  statistics,  geometric  U 
transformations)  and  m  using  spreadsheets,  CAO  packages, 
and  simulations.    However,  tJ^ey  also  envisage  thr**-  key 
problems  m  asmg  the  micro  for  experimentation  and 
mves  tig  at  ion: 

(i)  the  preparation  of  teachers, 

(ii)  the  selection  of  suitable  task  situations, 
(ill)  difficulties  associated  with  knowing, 

consolidating  and  testing  what  the  students 
have  learned. 

III.  RB-:LflIHKING  THE  SCHOOL  MATHEMATICS  mTEStPRlSE. 

1.    Aims  of  School  Mathematics 

As  part  of  the  research  stjdy  conducted  by  the  author 
and  reported  in  Crawford  (1986a),  a  survey  was  made  of  the 
recent  literature  on  aims  and  justifications  for  learning 
mathematics.    Table  1  overleaf  depicts  the  results  of  this 
survey.     A  number  of  perspectives  can  be  seen.  Cockcroft 
emphasizes  mathematics  being  useful  m  adult  life, 
especially  as  a  precise  communication  tool  while  the  Agenda 
focuses  '  Wrongly  on  problem  solving.    A  Canadian  study  of 
1976  emp    sizes  the  value  of  math  as  a  langu£qe  for 
communicating  ideas,  and  more  interestingly  perhaps,  as  a 
cultural  resource.    The  ICMI  report  already  cited,  while 
agreeing  that  school  mathematics  must  "serve  to  equip 
students  both  to  study  other  subjects  and  also  to  help  with 
mathematical  demands  and  problems  they  will  meet  out  of 
school-*,   emphasizes  the  affective  components  when  it 
suggests  that  thr  curriculum  should  provide  a  foretaste  of 
^^^t  mathematicians  do,  why  they  do  it  and  of  the  pleasure 
the  success  solving  of  a  mAthe^atical  prcblc-.  cari  bring. 
Additionally,   these  authors  argue  that    students  "must 
appreciate  that  with  m&thenatical  knowledge  they  acquire 
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Crawford  aai 
Others 
1976 

Total  of  33  objec- 
tives Obtained  by 
brain-stcming 
gco-jped  into  5 
categories  below*. 

1.  Basic  Hath 
Abilities 

2.  Basic  Applied 
Skills 

3.  Higher  Mat^ 
Abilities 

4.  Appreciation  of 
Mathenatics 

5.  Personal  Vtork 

KAbltS 


Taylcr,  Tam3^*f>» 
Prescott 
1971 

1.  a  languacc- 
vehicle  for  thou^^t 

2.  enjbles  precise 
descriptions  ar.i 
ncxJelling 

3.  oest  vehicle  for 
co(rp'"»hending 
pattern 

4.  intellectual  and 
aesthetic  appeal 
apd  fasc.  ^tion  of 
deep  str\:cturai 
problems 


Cirdncr,  Glcr 
Penton 
1973 
for  living  and 


Coleman  ao« 
Ec*w3rds 
1976 
understand  what 


respcxjsibiie  adult-  rachenatics  is  and 
hood  (functioning     wft'^t  it  is  not 


accqu;itely  as  a 
nerJber  of  society) 

2.  for  livelihood/ 
vocation 

3.  node  of  know- 
ledge and  experi- 
ence involving 
concepts  of  a 
general  abstract 
Kind  (education) 

4.  significant  pare 
of  aesthetic, 
affective  aspects  of 
hxTT^an  endeavour 


k.  matheratics  is  e 
way  of  thinking 
3.  rnathematics  is 
c\:ltural  resource 
4*  ratheratics  is  an 
essential  language 
for  comunicating 
ideas 


Dienes 
1978 

1*  learn  to  ab- 
stract -  strip 
off  irrelevances 
.2.  learn  to 
general ize 
3.  learn  to 
formulate  and  cope 
wUh  pceclsloi.  wj 
precise  messages 
4*  le«m  to  work 
tog*th»r 
S.       m  to 
respect  opinions/ 
values  of  others 


Agenda  for 
Action 
1980 

1.  problenj-solving 
as  major  focus  of 
curriculum 

2.  basic  skills  to 
be  extended  e.g. 
include  estirsating 
and  apptoxijsating; 
Use  in  predicting; 
corputer  literacy 

3.  enphasize  appli- 
cationSf  ana 
apTA'opriate  skills 
nnd  str&tegids 
o.r>.  formulating 
key  questions;  dis- 
covering patterns 
and  similarities 

4.  integrate  use  of 
calculator  and 
coRputer  into 
curricjlun 

5.  create  class- 
room environments 
for  problen»-solving 

6.  enphasize 
ccrmunicatior 
skills  and  ciarity 


Cockcroft 
1932 

1.  maths  IS  useful 
since  It  provides  a 
powerful,  ooncise, 
unar^biguous  means 
of  oorrrunication. 

2.  enables 
development  of 
mathematical  skills 
and  understanding 
required  for 
adult  life,  for 
ttploynent  and  fo; 
further  study  wv3 
training  - 

3.  and  for  study 
of  other  subjects 

4.  helps  ''^lop 
appreciation  and 
enjoyment  of 
mathenatics 
Itself. 


Maths 
5-16 
1985 
set  of  10  ains 
further  divided  into 
five  categories  oZ 
<*)ectives. 

1.  essential 
elenent  of 
comrrunication 

2.  powerful  tool 

3.  study  of 
relationships 

4.  fascination  of 
int.    SIC  appeal 

5.  a  creative 
process/activity 
allowing  use  of 
imagination  and 
flexibility. 
6,7,8.  enables 
systematic  indepen- 
dent cooperative 
ways  of  irking. 

9.  encourages  in- 
depth  study 

10.  gain  confidence 
in  do*  -3  math. 


des ir able  power"* 


Another  dimension  which  now  appears  frequently  m  the 
literature  on  aims  is  that  of  the  personal  and  developmental 
by-products  of  maths  learning*    For  example,  Dienes  stresses 
learning  to  work  with  others  and  to  respect  their  values  and 
opinions*    So  does  Maths  5-16  (the  1 985  Department  of 
Education  and  Science  Publication  in  England)*     Finally,  in 
a  number  of  the  sets  listed  in  Table  I,  various  other 
affective  and  aesthetic  benefits  are  noted* 

A  useful  synthesis  of  many  of  thesfi  cums  has  been  given 
by  Shirley  Hill,  in  her  summary  of  the  recent  symposium 
International  Comparisons  of  Mathematics  Education:  Policy 
Implications  for  the  U*S*A*   (Hill,   1987)*     As  Lesson  #3  from 
the  Symposium,  she  states: 

"Our  goals  in  mathematics  education  must  include 
three  prim ary  facets: 

( a)  improved  mastery  of  those  portions  of  mathematics 
which  are  basic  and  will  remain  basic: 

(b)  more  time  devoted  to  higher  order  thinking  skills 
which  will  be  needed  by  a  much  larger  fraction  of 
our  population  in  the  future; 

(c)  cultivation  of  student  appreciation  and 
experience  with  mathematics  as  a  living  subj ect, 
presented  in  the  context  of  its  profound 
applications  to  the  world  around  us*  (Hill,   p.l ) 

An  interesting  attempt  has  been  made  by  Cain  and  oth  '•s 
(1^85)  to  codify  and  assign  pi   ->rities  to  the  ma3or  goals 
which  they  consider  appropriate  for  different  ability  level 
students  in  secondary  school  mathematics,  and  hence  to 
structure  emphases  on  different  aims  to  fit  different  types 
and  intelligence  levels* 

Finally,   the  recent  ICMI  report  has  wrestled  with  this 
general  problerA  of  aims  and  how  schoo^  mathematics,  school 
experiences  can  reflect  their  variety  m  a  "reasonable"  way 
for  all  pupils  (op,  it.Ch.3).     Howson  and  Wilson  discuss 


content  and  process,  the  relating  of  mathematics  to  other 
aspects  of  experience,  and  the  pros  and  cons  of  compulsory 
and  differentiated  curricula.    However,   their  purpose  is  not 
to  come  to  ary  firm  conclusions  but  rather  to  suggest 
alternatives  for  further  ddaate  and  discussion* 

Related  areas  on  which  much  recent  research  and 
discussion  have  focussed  are  problem-solving 
(Schoenfeld,   1985?   «rown,   1985)  process   activities  (Bell, 
1978?  Romberg,  1983?  Crawford,  1984a)  different  kinds  of 
knowing  (Noddings,   1985)  and  metacognition  (Garofalo  and 
Lester,   1985).     All  of  these  aspects  of  learning  need 
continued  study  and  attention,  but  cannot  be  described  at 
Length  in  the  present  paper* 

^*    Some  Bases  For  Redes ign> 

Clearly,  whatever  set  of  experiences  and  how 
differentiated  they  are  will  depend  greatly  on  the  value 
system  and  cultural  climate  of  the  country  or  region  in 
which  the  experiences  take  place,   i.e.  there  is  no  universal 
answer.    However,  there  are  in  my  view  (and  this  is 
supported  by  the  work  of  Wilson  who  studied  four  widely 
differing  geographical  regions)  some  basic  i^reements  which 
can  be  used  to  change  school  mathematical  experiences  to 
become    more  relevant  in  an  age  of  information  technology  at 
least  in  developed  countries  such  as  as  the  USA,  the  UK  or 
Canada.    Some  of  these  have  already  been  outlined  in 
Crawford  (i986b)  and  summarized  in  Crawford  (1987a).  Here, 
they  are  repeated  in  much  the  same  form  as  the  basis  for 
rethinking  the  whole  mathematics  enterprise  p£irticularly  at 
the  secondary  level. 

BASIS 

MATHB4ATICS  IS  BSSSHTIALLY  A  TOOL  FOR  SOLVIIIG  PROBLEMS 

This  has  been  true  throughout  history  and  is  the 
essential  reason  for  studying  and  creating  mathematics* 

2r;o 


Although  we  now  think  of  mathematics  as  the  study  of 
axiomatic  systems  and  structures,  these  mental  artlfects 
only  become  of  value  In  the  real  world  when  they  are  applied 
to  solve  reed  problems*     For  the  ordinary  individuiil,  the 
basic  uses  of  mathematics  are  the  same  as  ever  -  estimating, 
measuring,  costing,  designing  and  solving  personal  or 
soc letal  probl ems. 


Basis  II 

THE  CONTEXT  IN  WHICH  MATHEMATICS  IS  LBARWH)  MUST  PROVIDE 
SCOPE  FOR  A  PLKXIM^B  MirTDRB  OP  ACTION  AND  REFLECTIOH  IN 
SOLVING  MEANINGFUL,  RELEVANT  PROBLEMS  BOTH  INDIVIDUALI.i  AHD 
COOPERATIVELY* 

Rote  learnino  an^  lack  of  opportunity  to  understand 
ideas  via  the  use  of  manipulative  or  visual  materials  must 
be  minimized  and  other  aspects  of  qual Itative  m athematics 
such  as  non- threatening  discussion,  group  work,  practical 
and  applied  problem-solving  and  project  involvement  must  be 
introduced  increasingly  so  that  learning  becomes  natural, 
well-motivated  and  meaningful.    These  two  bases  then  lead 
straightforwardly  to  two  major  goals, 

I  )    Students  learn  to  become  better  problem  solvers* 
z)    Student*?  learn  to  become  Increasingly  independent 
learners.  Mechaiilsms  and  methods  or  strategies  for 
achieving  these  goals  must  include 
i)    The  central  Involvement  of  the  students 
individually  and  co-opej atively    In  their 
learning,  using  methods  which  produce  interest, 
enjoyment  and  commitment  to  effort  in  learning, 
il)    Gradual  withdrawal  of  the  teacher  as  the  prime 

mover  and  resource  for  learning* 
ill)  A  particular  focus  on  the  concepts  and  activities 
of  designing,  making  «^id  creating  real  or 
intellectual  objtjcts  which  are  of  mathematical 


significance  and  yet  intrinsic  value  and  personal 
satisfaction  for  the  individual. 
As  long  ago  as  1957,  Sawyer  and  Srawley  wrote  an 
excellent  book  called  Oejigning  and  Making  which  proposed 
exactly  these  ideas 

■^Children  often  ask,   'Why  do  we  have  to  learn 
arithmetic?'  There  are  various  cinswers — "You  need  it 
to  go  shopping',   and  so  forth.     The  weakn^s  of  these 
IS  that  they  appeal  to  the  reason  alone  while  the 
question  is  not  really  a  request  for  information.  It 
really  means  'I  find  this  ''ull',.    and  the  only 
effective  answer  is  one  directed  to  the  feelings. 
The  best  answer  of  all  is  one  not  of  words  but  of 
action— t     let  the  child  embark  on  yome  activity  that 
IS  unquestionably  exciting,    and  to  let  it  discover  at 
some  stage  that  its  progress  is  held  up  by  lack  of 
n athftm atic al  knowledge." 

"The  more  the  children  learn  to  organize  their 
own  lives,  the  more  efficient  the  education  will  be. 
Things  can  go  ahead  without  the  help  of  the  teacher." 
4.    Current,  new  and  emerging  technologies  such  as  the 
micro-computer  should  be  used  intelligently  to  support  these 
goals  and  the  mechanisms  which  have  been  outlined  -  in 
particular  the  computer  should  be  used  to  simulate  things 
done  by  humans.    The  visual  and  interactive  potential  of  the 
computer  for  learning  are  its  two  most  important 
characteristics  which  need  to  be  understood  fully  and 
harnessed  appropriately  for  high  quality  learning. 

IV.     IMPLEMEHTINC  A  RB-ENERGI2BD  CURRICULUM. 

Assuming  the  validity  of  this  analysis  and  refocusmg 
of  the  mathematics  curricu'lum  -  how  is  it  to  be  realized? 

To  achieve  it,   in  this  author's  view,  requires 
attitudinal  and  knowledge  chcuiges  in  teachers, 
administrators,  politicians  and  probably  the  general  public 
as  well.    Attitudes  tend  to  be  changed  only  i£  something  is 


shown  to  be  an  improvemant  on  established  practice  or 
possibly  because  sheer  necessity  requires  something  new  to 
be    ried.     T  a  first  ^proach  is  voluntary,   the  second 
involuntary. 

1 .     School  and  Curr icular  Reform* 

Goodlad  (1983)  claims     that  in  his  ma3or  research  study 
of  schooling  In  the  USA  (published  in  1934),   two  major 
curricular  deficiencies  sta.id  out.  Thf-y 

i)     a  failure  to  differentiate  and  see  the 

relationships  between  facts  and  the  more  important 
concepts  facls  help  us  to  understand  and 
11)  a  Similar  failure  to  see  subjects  and  subject 

matter  as  mechanisms  foi  the  real  goal  of  personal 
develo*^  .e  ^. 

Part  of  the  overall  failure  also  <?tems  from  the  fact  that 
schools  are  not  the  only  educational  Ajency. 

If  we  seriously  believe  m  the  pobsibllity  of  achieving 
tc      le  extent  the  lofty  goals  so.ne  jurisdictions  are  now 
setting  (e.g.  Ontario,  1  984),  then  m  this  age  .^f 
information  technology  we  must  respond  to  cnansje  by  creating 
a  self-renewing  school.    According  to  Heckman,  Oa)ces,  and 
Sirotnik     983),   what  is  essential  is 

"A  school  scaff  that  constantly  works  together  to 
examine  the  school's  condition,     identifies  problems, 
and  develops  alternatives  based  on  all  forms  of 
knowledge.    The  self-renewing  school  'nay  use  ideas 
from  Uhe  outside,  but  the  intention  is  not  to  make 
the  school  a  better  ta'-jet  for  innovations  developed 
outside  the  school." 

(Educ.   Leadership,    April  1983  p.29) 
Joyce  and  others  (1983)  ey.a.-nine  this  theme  m  detail 
using  as  a  strategy  t)ie  development  of  what  they  call 
Responsible  Parties-local  admin istratori,  teachers  and 
community  members  who  examine  the  health  of  their  school 


continuously,  select  targets,  for  improvement,  and  draw  on 
knowledge  about  school  improvement  to  implement  des  ired 
changes."    They  identify  three  stages  of  school  improvement, 
which  are  shown  in  Figure  l   below,    (op.cit.,  p.7) 

Three  Stages  of  School  I»prov€«ent 


Scope  Tasks 


STAGE  1     Refine:      Initiate         Organize  Responsible 
•^e  process  Parties 

Use  effectiveness  criteria 
Improve    ocial  climate  of 
education 

STAGE  2    Renovate;  Establish       Expand  scope  of  improvement 
the  process    Exbed  staff  development 
Improve  curriculum  areas 
ST.tOE  3    Redesign:  Expand  the      Examine  m,*ssion  of  school 
process  Study  technologies 

Scrutinize  organizational 

s  tructur e 
Develop  long-term  plan 
According  to  this  scheme,  re-energizing  school 
mathematics  cannot  occur  without  the  conscious  organizing  of 
a  "reform  .-j    group,  which  clar3fies  goals  and  standards  and 
develops  effectiveness  criteria  relating  to  the  desired 
chcinge. 

^*    ^  ^Imi  Model  of  Curriculum 

One  model  of  curriculum  which  seems  to  have  great 
potential  in  moving  the  mthematlcs    curriculum  towards  the 
goals  of  problem-solving,  personal  and  social  development 
and  independent  learning  is  the  Resources /Tasks  Curriculum 
Model  proposed  in  the  U.K.  by  Black  and  Harrison  (I9s«5). 
This  model  has  its  origin  in  the  technology  and  science  area 
of  the  curriculum  but  appears  to  be  gener aJ  is aole  across  the 
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curriculum  and  in  fact  will  only  work  properly  if  this 
occurs. 

Figure     summarises  the  model  in  diagrammatic  form. 
Briefly,  <;ub3ect  areas  are  seen  as  resources,  which  can  be 
applied  appropriate!/  to  tasks.    Thus  teachers  have  two 
aspects  to  their  role.    They  ^re  specialists  when  they  are 
teaching  their  suDject  area  as  a  .discipline  but  are  members 
of  a  resource  team  when  students  are  engaged  in  cross- 
disciplinary  or  ultra-disciplinary  tasks  or  pro3ects.  Among 
the  advantages  of  this  model  are  its  flexibility  in  ti.ne 
allocation  and  organization,  its  wedding  of  the^^ry  and 
practice  and  its  subordination  of  subjects  to  become  means 
not  ends  in  tWoms elves.     Also  the  focus  on  tasks  in  projects 
allows  for  much  greater  emphasis  on  worthwhile,  meaningful 
activities  chosen  to  be  interesting  and  satisfying  to 
students.    The  concepts  of  designing,   making  and  creating 
can  oe  brought  in  centrally  as  features  of  such  tasks  and 
hence  motivate  students  strongly  provided  the  whole  system 
is  carefully  and  wisely  thought  out. 

3.  The  Teacher,  Inservice  Educ  at  ion  and  Integr  ated  Lee  ing* 

In  his  internation  il  study  of  cultural  contexts  of 
Science  cbid  Mathematics  education,  Bryan  Wilson  {1981) 
reports  a  growing  realization  that  the  teacher  is  the  single 
most  important  factor  in  effective  rurriculum  development, 
etnd  thai:  curriculum  reform  needs  to  be  integrated  with 
teacher  t^ucation.    Certainly,   this  is  borne  out  in  the  area 
of  mathematx^,s  education  where  numerous  innovative  projects, 
particularly  The  New  fiaths  and  more  recently  the  Unified 
Science  and  Mathematics  for  Elementary  Schools  Project 
(USMES)  failed  largely  because  teachers  were  unwilling  or 
unable  to  embrace  tl^ie  philosophy  and  c  -mitment  needed  to 
implement  the  new  pioject  successfully  (Howson,  Keitel  and 
Kirkpatrick,  1 981  ).    Some  of  the  problems  of  change  have 
been  highlighted  in  the  fascinating  study  of  Inservice 
Education  of  Mathematics  Teachers  by  Edith  Biggs  (1  983). 
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Aiaong  her  unexpected  findings  were  these  three: 

!•  the  necessity  for  a  new  scheme  in  mathematics  to 
be  democratically  prepared  and  tried  out  by  all 
members  of  staff  if  it  was  to  be  wholeheartedly 
Implemented; 

2*  J'le  necessity  for  the  principal  to  be  actively 

involved  in  the  project  if  lasting  changes  were  to 
be  made; 

3»  tne  necessity  foi  the  principal  to  have  enough 
knowledge  of  mathematics;  (Biggs  p*l93) 

Howson,  Keitel,   and  Kilpatrick  identified  five 
approaches  to  curriculum  development  m  mathematics  going 
from  "the  new  Math"  to  "integrated  teaching"  and  concluded 
that, 

"The  formative  and  integrated  teaching  approaches 
precipitated  the  formation  of  an  innovatory  strategy 
to  replace  the  R-o-D  model"... 

"The  new  strategy  aimed  at  strengthening  the 
teacher,   and  at  making  him  better  eble  to  function  at 
a  profess ioned  level  and  of  assuming  a  creative  role 
within  the  overall  curricular  apprac         No  longer 
was  he  to  be  regarded  as  the  mere  per.     met  of  a 
ready-to-use  curriculum."    (p.  128). 
These  authors  argue  that  tne  problems  inherent  m 
making  these  ' inprovements'  in  the  teacher  may  be  solved  by 
supplying  "par^riivm"  materials  to  act  as  ideas  cjid  starting 
pointo,  buf-  that  the^e  would  have  "no  claim  to 
universidity". 

More  generally,  recent  international  trends  are  cill  in 
*->^'.s  same  direction  -  towarv*s  Integrating  learning,  more 
<nter-disciplinary  work,  ai.d  greater  self-reliance  In 
learning.    Thus  the  1979  Council  of  Europe  aocument 
In:iovation  in  Secondary  Education  _in  Europe  distinguishes 
three  major  factors  at  wcrk  -  new  conditions  of  education, 
new  developments  m  theories  of  education,  c  .  the  growth  of 
educational  technolog  ies* 
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"This  situation  makes  new  demands:     today's  pupil  is 
not  like  his  predecessor  or  his  cl<3Lss-nates,  he  needs 
a  different  kind  of  teaching,  more  highly 
personalise^  and  better  adjusted  to  his  own 
particular  needs  and  his  growing  demand  for 
independence  and  freec'  )m."   (ibid,  p,48/ 
Haigh  (i975)  discusses  the  pros  and  cons  of  integration 
and   .oncluaes  that  there  is  a  valid  place  for  it  but  only  if 
certain  conditions  are  satisfied.     A  fuller  discussion  oz 
these  aspects  can  be  found  m  Crawford  (I986b). 

V.  TOWARDS  PELBVAKT  AND  R2ALISHC  SCEOOI.  MATHEMATICS. 

So  far,  an  ojtline  has  been  given  of  some  of  the 
ingredients  deemed  either  essential  or  desirable  m  order  to 
arrive  at  interesting  and  worthwhile  Mathematical 
experiences  for  the  great  majority  of  students  in  their 
secondary  schooling  -   rougnly  to  age  16. 

Briefly  summarized,  these  are: 

i)  focus  on  basic  mathematical  Ideas  and 
'■elationships  which  will  be  used  frequently 
in  adult  life  e.g.  estimation,  measurement, 
percentages,  decimeds; 

ii)  emphasize  using  these  to  solve  problems  of 
indlvidued  and    social  significance; 

111)  blend  work  on  mathematical  ideas,  processes 

and    topics  as  an  evolving  system  and  structure 
with  their  application  to  re^JL  situations  and 
probleois; 

iv)  increasingly  emphasize  Independent  learning  and 
reliance  by  the  student  on  his  ow"  resources  for 
problem  formulation,  data  gathering  and  problem 
solution; 

v)  use  the  calculator  und  computer  Intelligently  to 
reduce  tedium,  by  having  them  perform  routine 
calculations  and  operations  and  to  create 
stimulating  mathematiced  environments; 
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curriculum  currently  being  pioneered  at  Quorn  Community 
College,   Leicestershire  (Hewlett  1986). 
VI.  COHCLOSIOM. 

No  one  single  mathematics  curriculum  will  ever  emerge 
as  "the  correct  one".     Ideas  and  the  realities  in  which 
they  become  embodied  cheuige  as  a  given  society  and  culture 
change.    At  the  root  of  all  change,   are  the  cultural  values 
which  cause  or  resist  that  change.    Hencp.  what  is  proposed 
here,  is  the  summation  of  one  Individual  r»rof ess lonal  and 
personal  experiences,  based  on  his  value  system  as  that  t<^o 
interacts  with  various  cultured  milieu.    It  is  for  the  reader  to 
assess  how  important  these  thoughts  and  proposals  are  for 
mathematics  education  in  particular  and  more  genercdly  for 
improving  s'rhooling  and  education. 
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Introduction 

Why  is  it  that  some  people  are  good 
problem  solver £  and  others  are  not? 
Historically,  educators  have  always 
been  interested  iii  individual 
differences.  Thus  it  is  natural  to 
expect  that  this  interest  would 
extend  to  problem  solving.  (Lester, 
1982,  p.  57) 

According  to  mathematics  educator,  P.  Lester, 
reaearchers  in  mathematics  education  should  focas  their 
attention  toward  understanding  the  differences  between 
expert  and  novice  problem- solving  behavior. 

In  the  past,  studies  involving  expert  behavior  have 
been  conducted  in  such  areas  as  business  (isenberg,  I98U), 
chess  (Chase  &  Simon,  1972;  Chi,  1978).  mathematics 
(Schoenf^jld,  I98I),    medicine  (ELstein,  Kagan,  Shulman, 
Jaaon  and  Coupe,  1972),  physics  (Larkin,  MoDeroott,  Simcn 
and  Simon,  I98O;  Siaon  and  Simon,  I978)  and  reading 
(Baker  &  Brown,  I98U;  Brown,  1978,  I980).    In  each 
instance,  researchers  tried  to  identify  those  qualities 
or  characteristics  that  make  an  individual  an  expert  in 
his/iaer  field,  the  strategies  used  by  them,  and  alsc  if 
the8t»  p^cills  can  be  taught  to  others. 

In  general,  this  paper  will  discuss  some  of  the 
aspects  involTSd  in  a  rr^arch  stiidy  dealing  with  the 


nature  of  expertise  involved  in  mathematical  problem 
solving.    In  particular,  it  will  examine  the  problem- 
solving  behavior  among  Ph.D.  (or  its  equivalent) 
mathematicianp  (i.e.,  experts)  in  relation  to  solving 
complex  problems  and  also  examine  these  individual  experts 
beliefs  of  person,  strategy  and  task  variables  in  relation 
to  lathematics,  mathematical  problem  solving  and  their 
problem- sol vin^^  behavior. 
Bar'  ijxound 

The  major  part  of  every  meaningful 
life  is  the  solution  of  problems;  a 
considerable  part  of  the  professional 
life  of  technicians,  engineers  and 
scientists,  etc,  is  the  solution  of 
matliematical  problems.    It  is  the  duty 
of  all  teachers  and  teachers  of 
mathematics  in  particular,  to  expose 
their  students  to  problems  much  more 
than  to  facts.    (Halmos,  198O,  p.  523) 

As  noted  by  the  prolific  mathematics  expositor 

Paul  Halmos,  the  importance  of  mathematical  problem 

solving  and  the  ability  of  students  to  solve  mathematics 

problems,  has  become  increasingly  a  major  concern  of 

mathematics  educators  today.    This  concern  has  been  echood 

at  mathematics  conferences,  by  mathematicians,  by 

psychologists  and  by  many  mathematics  educators.  In 

particular,  the  National  Council  of  Teachers  of  Mathematics 

(NCTM),  in  its  publication,  ".An  Agenda  for  Action"  stated, 

"TOie  development  of  problem- solving  ability  should  direct 

the  efforts  of  matheaaticc  educators  throu^  the  next 

decade"  (NCTM,  I98O,  p,2). 

In  order  to  meet  this  challenge,  the  mathematics 


education  community  has  conducted  extensive  research  in 
mathematical  problem  solving  ovsr  an  extended  number  of 
years.    In  the  past,  many  mathematics  educators  paid 
particular  attention  to  capturing  the  strategies  students 
use  in  solving  mathematics  problems*    Traditionally,  these 
studies  involving  mathematical  problem  solving  have  focused 
prinuiTily  on  the  overt  behavior  exhibited    by  subjects  as 
they  solved  various  types  of  mathematics  problems*  In 
general,  introspective,  retrospective  and  thinking  aloud 
techniques  have  served  as  the  main  sources  of  gathering 
information  and  data*    The  analysis  of  these  data  have 
largely  consisted  of  using  a  string  of  coded  symbols,  vhich 
acted  as  a  trace  of  the  problem- solving  behavior  exhibited 
by  a  subject  during  the  solution  process* 

As  a  result  of  these  studies,  researchers  ide*:tifiet, 
Buccesaful  strategies  or  heuristics  used  by  subjects  on 
various  mathematics  problems*    "A  heuristic  is  a  general 
s\iggestion  or  strategy,  independent  of  any  topic  or  subject 
matter,  which  helps  problem  solvers  approach,  understand 
and/or  efficiently  mar shall  their  resources  in  solving 
problems"  (S'-hoenfeld,  1979c,  p*  37)* 

Schoenfeld  (I979a,  1979b,  198O,  1982)  conducted  a 
number  of  experiments  in  mathematical  problem  solving  and 
found  that  students  (college  level)  oan  be  tang^t  to 
understand  and  effectively  use  a  limited  number  of 
heuristics  in  solving  mathematics  problems*    He  also 
recognized  that  heuristic  fluency  may  not  be  enou^  in  a 


mathematical  problem- solving  situation  and  that  knowing 
'•when"  feind  "how"  to  properly  use  a  heuristic  may  be 
equally  important  for  problem- solving  success* 

Therefore,  in  order  to  understand  how  to  "properly 
manage"  heuristics,  Schoenfeld  (1981)  studied  and  compared 
the  problem- solving  behavior  of  "experts"  and  "novices" 
as  they  solved  the  same  mathematics  problems*    He  realized 
that  two  types  of  decisions  are  evident  in  the  decision- 
making processes  involved  in  mathematical  problem  sclviiig, 
tactical  and  managerial  decisions* 

Tactical  decisions  are  decisions  involving  the 
implementation  of  various  algorithms  and  heuristics  while 
managerial  decisions  are  decisions  which  have  a  major 
impact  upon  the  solution  of  the  problem  (Schoenfeld,  198I  )• 
Managerial  decision  maiJLng  includes  skills  such  aJ 
checking,  monitoring  and  evaluating  the  entire  solution 
process* 

Schoenfeld  (1981)  foma  that  experts  (Ph*!)*  mathema- 
ticians) possess  accurate  and  efficient  managerial  skills 
while  novices  (college  mathematics  students)  lack  them* 
Also,  he  fo.  id  that  proper  managerial  skills  can  provide 
the  key  to  success  5ji  a  matliematical  problem- solving 
situation  and  are  similar  in  nature  to  metacognitive  skills* 
Therefore,  in  order  to  better  understand  the  decision- 
making  processes  involved  in  mathematical  problem  solvii*^ 
a  thorough  investigation  of  the  phenomenon  of  metacognition 
seemed  appropriate* 


138 

A  Conceptual.  Framework  for  the  Study 

In  general,  the  term  metacognition  refers  to  two 

separate  but  related  concepts;  l)  knowledge  and  beliefs 

about  cognitive  phenoDwna  and  2)  the  regulation,  control 

and  execution  of  cognitive  actions  (Garofalo  and  Lester, 

19Q5)*    The  development  of  the  study  of  metacognition 

can  priiBarily  be  attributed  to  the  work  of  two  researchers 

whoee  findings  are  complementary,  John  Plavell  and 

Ann  L.  Brown.    According  to  Plavell  (1976), 

"Metacognition"  refers  to  one's  know- 
ledge concerning  one's  own  cognitive 
processes  and  products  or  anything 
related  to  them...  Metacognition  refers, 
among  other  things,  to  the  active  monitoring 
and  consequent  regulation  and  orchestration 
of  these  processes  in  relation  to  the 
cognitive    objects  on  which  they  bear, 
usually  in  the  service  of  some  concrete 
goal  or  object  (p.  232). 

In  order  to  study  human  behavior,  Plavell  (1979) 
developed  a  model  of  cognitive  monitoring  or  metacognition, 
which  can  be  applied  to  various  cognitive  enterprises.  He 
proposed  that  the  monitoring  of  many  cognitive  tasks 
occurred  throu^  ttj  activities  among  four  classes  of 
phenomena:    1)  metacognitive  knowledge,    2)  metacognitive 
experiences,    3)  the  goals  of  the  task  and   k)  the  actions 
taken  on  the  task. 

Briefly,  oetacognitve  knowledge  consists  mainly  of 
beliefs  and/or  feelings  about  certain  variables  (person, 
strategy  and  task)  and  how  they  act  and  interact  with  each 
other  to  jjifluence  a  cognitive  enterprise.  Ms-caco^itve 
experiences  are  any  conacious  realizations,  whether 
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cogniti*, a  or  affective,  that  may  occur  during  any 
intellectual  enterprise.    The  goals  of  the  task  refer  to 
the  objectives  or  unknownf;  of  the  cognitive  enterprise  and 
the  actions  of  the  task  refer  to  the  cognitive  actions  used 
to  achieve  the  goalr/  of  the  task. 

In  particular,  metacognitive  knowledge  is  siidlar  to 
knowledge  stored  in  long  term  memory.    It  consists  of 
beliefs  about  particular  variables  and  how  they  interact 
with  each  other  to  golde  and/or  influence  any  Intellectual 
task.    According  to  Flavell  (1979),  the  three  categories 
of  variables  associated  with  metacognitive  knowledge  are: 
1)    Person,  2)  Strategy  and  3)  Task. 

Person  variables  are  everything  a  person  comes  to 
believe  or  feel  about  himself/herself  in  relation  to 
hlsAer  own  co^itive  processes  and  the  task  at  hand. 
Strategy  variables  consist  of  strategies  (tactical  and/or 
managerial)  that  are  likely  to  influence  the  task  at  hand. 
Task  variables  coneiBt  of  any  cues  or  information  in  the 
task  which  may  trigger  certain  .eliefs  about  particular 
strategies  or  demands  of  the  task. 

Por  example,  when  an  individual  is  presented  with  a 
mathematics  problem  to  solve,  the  action  taken  on  the 
problem  is  influenced  (positively  or  negatively)  by  that 
individual's  metacognitive  knowledge  (i.e.,  by  the  beliefs 
about  person,  strategy  and  task).    In  general  metacognitive 
knowledge  guides  and/or  influences  an  individual  to  select, 
revise,  abandon,  pixrsue  and  evaluate  strategies  throughout 


the  solution  process  (Flavell,  1979 )• 

Another  major  source  of  information  concerning 

metacognition  is  based  upon  the  research  of  cognitive 

psychologist,  .Ann  L.  Brown*    According  to  Brown  (I980), 

The  skills  of  cetacognition  are  those 
attributed  to  the  executive  in  nany 
theories  of  human  memory  and  machine 
in"lelligence,  predicting,  checking, 
monitoring,  reality  testing  and 
coordination  and  control  of  deliberate 
attemptc  to  study,  learn  or  solve 
problems  (p.  hSU)* 

At  tais  point,  it  should  be  noted  that  Brown's 
understanding  of  metacognitive  skills  is  analogous  to 
Schoenfeld's  concept  of  proper  and  efficient  managerial 
skills  (i*e*,  skills  such  as  monitoring,  assessing  and 
checkiug  the  solution  process  tliroughout  che  entire 
nrobi em- solving  episode). 

Therefore,  in  order  to  examine  the  problem- e  living 
behavior  among  experts,  a  framework  for  investigating 
an  individual's  metacognitive  knowledge  (devised  through 
the  works  of  Flavell.  Brc'rfn  and  Schoenfeld)  was  used  In 
this  study. 

A  Research  Study;  An  Overview 

The  study  was  descriptive  in  nature  involving  expert 
problem  solvers  in  relation  to  metacognition  and  mathema- 
tical problem  solving.    The  subjects  selected  for  this 
study  (ns=l6)  were  divided  into  two  categories  -  group  A 
(Fh.D.,  or  its  equivalent,  mathematicians  who  have  achieved 
national  or  international  recognition  in  the  mathematics 
connnmity)  and  group  B  (Ph.I).  mathematicians  who  ha^e  not 


achieved  £=iich  recognition). 

Information  collected  du-?ing  the  st-ody  was  gathered 
from  two  sources:    1)  a  Per  son- Strategy-Task  (P-S-T) 
Questionnaire  (Apj)endix  a)  and    2)  a  Problem- Solving  Task 
Booklet  (Appendix  B). 

The  pinrpose  of  tbe  P-S-T  Questionnaire  was  to  examine 
and  contrast  an  experts'  metacognitive  knowledge  and 
mathematical  beliefs  in  relation  to  mp.thematics  and 
mathematical  problem  solving.    The  questionnaire  consisted 
of  10  open-ended  questions  with  some  subquestions.  Sach 
subject's  tape-recorded  responses  were  transcribed,  and 
then  coded,  on  a  coding  system  developed  by  the  recearcher. 

The  purpose  of  the  Problem- Solving  Task  Booklet  was  to 
describe  the  various  strategies  exhibited  by  the  subjects 
as  they  solved  four  mathematics  problems.    Sach  s-jbject 
was  instructed  to  '-think  aloud"  as  he  solved  each  problem 
and  isaoediately  after  was  asked  a  series  of  question 
in  connection  with  his  jxroblem-eolving  behavior 
0:1  that  problem.    The  entire    session  was  tape  recorded 
and  each  session  was  transcribed  and  coded  using  a  coding 
system  adapted  from  Schoenfeld  (1981). 
A  Brief  Piacuaaiaa  of  the  Hasults 

In  general ♦  the  results  of  the  study  seemed  to  Indicate t 
1)  subjects  in  group  A  solved  the  problems  more  acciirately 
(30  c.-irrect  and  2  incorrect  in  group  A  VS#  8  correct  and 
21;  incorrect  in  group  B)  and  exhibited  more  efficient 
metacognitve  skills  on  the  problems  than  their  cotmterparts 


In  group  B,    2)  the  motacognltive  knowled^  and  nathematical 
beliefs  held  by  subjects  in  group  A   was  disaiailar  to  that 
of  subjects  in  group  B  and    3)  a  subject' a  metacognitive 
knowledge    seemed  to  influence,  in  a  subtle  way,  his 
problem- solving  performance. 

In  order  to  understand  how  and  why  a  subject's 
oetacognitivB  knowledge  may  have  influenced  his  problem- 
solving  performance,  a  case  study  is  discussed  next. 
A  Case  Study 

During  many  problem- solving  situations,  both  aspects 
of  the  definition  of  metacognition  interact  and  effect  an 
ind,\vidual  •  s  problem- solving  behavior  during  a  solution 
process.    For  example,  an  individual  may  possess  certain 
beliefs  about  mathematics  (part  1  of  the  definition  of 
metacognition)  which  may  effect  his/iier  control  ar.d 
execution  (part  2  of  the  definition)  on  a  problem,  which 
in  turn  may  trigger  other  beliefs,  etc. 

On  the  issue  of  monitoring  and  controlling  one  •  s 
work,  Schoenfeld  (l985a)  stated, 

.  .  .  having  a  mastery  of  individual 
heuristic  strategies  is  only  one 
coBaponent  of  successful  problem  solving. 
Selecting  and  pur  siting  the  right  afproaches, 
recovering  from  inappropriate  choices  and 
in  general,  monitoring  and  overseeing  the 
entire  problem- solving  process,  is  equally 
important.    One  needs  to  be  efficient  as 
well  as  resourceful.    In  broader  terms, 
this  is  the  issue  of  control  (pp.  98-99). 

Therefore,  the  ability  of  an  individxzal  to  "keep  in 

control-  of  hisAer  work  during  the  entire  solution  process 
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seems  to  be  an  important  aspect  ox  successful  px-oblsm 
solving. 

Kiis  case  study  presents  the  problem- solving 
performance  of  John  (a  fictitious  name  and  an  individual 
who  participated  in  the  study)  on  problem  2  (Schoenfeld, I983, 
^pendix  B).    It  illustrates  how  an  individual's 
knowledge  and  beliefs  about  mathematics  and  his  ability  to 
control  his  work  during  the  solution  process  positively 
influenced  his  problem- solving  performance. 

The  question  and  John's  response  to  it  are  given  next. 

An    analysis  (adapted  from  Schoenfeld' s  work,  I981)  and  a 

discussion  of  his  problem- solving  performance  follows  the 

problem- solving  protocol. 

Estimate  as  accurately  as  you  can,  how 
many  cells  mi^t  be  in  an  average- sized 
adult  hin&an  body.    What  is  a  reasonable 
upper  estimate?    A  reasonable  lower 
estimate?    How  much  faith  do  you  have  in 
your  figures? 

Problem- Solving  Protocol 

Estimate,  as  accurately  as  you  can,  how  many  cells 
au^t    be  in  an  average-sized  adult  human  bodv? 
Vifhat  is  a  reasonable  upper  estimate?    A  reasonable 
lower  estimate?   How  much  faith  do  you  have  in 
your  figures?  ... 

OK  .  .  .  it's  a  pretty  reasonable  question  ...  (2) 

So  ...  my  reaction  is  two  ways  to  approach  it, 

linear  dimensions  or  mass  of  the  .  .  .  cells  ...  (3) 

OK  ...  80  I  vt)uld  guess  that  ...  if  I  try  it  by 
mass  ...  I  would  guess  that  .  .  .  that  an  adult 
human  weighs  150  pounds  ... 

There's  a  pretty  big  hunk  of  him  which  I  guess  isn't 
really  to  be  counted  as  cells  .  .there  might  be  fifty 
pounds  of  that  ...  (5) 

2/- a 


So  maybe  there's  a  hundred  pounds  of  oells  •  •  •  (6) 

N0W9  how  nnich  is  a  call  going  to  weigh  .  .  .  (7) 

Basically,  I'd  guess  that  a  cell  ...  it  is  going  to 
weigh  what?  •  •  •  (8) 

First,  I've  got  to  think  about  how  big  they  are  .  .  . 
they're  going  to  have  the  mass  as  that  of  water,  so  it's 
just  a  question  of  volune  .-uid  ...  to  all  reasonable 
degrees  ...  I  oean  obviously  we're  not  going  to  try 
and  get  within  ten  percent  so  ...  it's  certainly  not 
goin^  to  matter  .  .  .  malce  a  ten  percent  error  .  .  . 
aesuaing  that  the  mass  of  all  cells  is  simply 
proportional  to  water  of  the  same  weight  ...  (9) 

So  .  •  .  I've  got  to  think  about  how  big  a  cell  is  .  .  (IO) 

Obviously  they  do  vary  but  ...  (11) 

I  certainly  don't  carry  this  around  in  my  head  .  .  . 
I  would  say  a  hundred  kiloxoeters  .  .  .  (mumbled)  .  .  . 
would  be  about  :fight  ...  (12) 

'RxbX  would  be  ten  microns  .  .  .  some  of  them  are 

probably  aisaller  than  that  but  ...  (13) 

Let  ma  Just  think  about  .  .  .  about  what  .  .  .  kir.l  of 
magttlficetion  it  takes  to  see  them  .  .  .  yes,  that/ 3 
within  reason  ...  (1I;) 

So  I'm  taking  a  guess  that  they're  a  hundred  .  .  . 
they're  .  .  .  xhey're  little  oubes  a  hundred  ...  a 
hundred  to  a  millimeter  ...  so  there  are  ten  to  the 
fifth   to  a  meter  ...  (I5) 

So  there  are  ten  to  the  fifteenth  in  a  ctabic  meter  .  .  (16) 

1  cubic  meter  of  water  weigjis,  ^that  is  ordinarily 

called  a  ton  ...  (17) 

ind  so  .  .  .  there  is  ten  to  the  fifteenth  in  a  ton 

and  we  were  talking  about  a  hundred  pounds  so  .  .  .  (18) 

Ohere  are  ten  to  the  fifteen  over  tv^nty  ...  (I9) 

.And  the  number  is  about  one-half  of  ten  to  the 

fourteenth  ...  (20) 

Five  times  ten  to  the  thirteenth  is  a  good  fair  guess, 
five  times  ten  to  the  thirteenth  ...  (21) 
Bcughly  •  .  •  one  humdred  poimds  •  •  .  equals  one- 
twentieth  of  a  cubic  meter  of  we>r  .  .  .  (22) 


And  approximately  one- twentieth  times  ten  to  the 
fiftesnth  cells  ...  (23) 

That's  .  .  .  can't  be  too  far  wrong  .  .  .  (21*) 

Now,  what  sort  of  faUh  would  I  want  to  put  in 

that  .  .  .  (25) 

V%11  ...  I  could  see  my  error  in  how  big  a  cell  is 

.  .  .  off  easily  be  a  factor  of  three  .  .  .  (26) 

So  that  got  cubed  ...  (27) 

So  I  think  twenty  plus  or  minus  in  either  direction,  I'd 
have  to  guess  might  be  a  fair  .  .  .  error  .  .  .  (28) 

But,  I  haven't  seen  this  problem  .  (29) 

dialysis 

John  read  the  problem  and  correctly  identified  the 
conditions  and  the  goals  of  the  problem  (l).^  Be 
commented  at  the  end  of  the  session  that  he  did  not 
recall  ever  attempting  to  8o?.ve  this  problem  (29). 

Immediately  after  reading  the  problem,  John  ^aa 
ccnoemed  with  wnlch  approach  to  use  on  the  problem. 

1.  Working  with  the  linear  dimsnsions  of  the  cell;  or, 

2.  Working  with  the  mass  of  the  cell  (3). 

Each  approach  was  relevant  to  the  solution  and  he 
chose  to  work  with  the  mass  of  the  cell  (U). 

In  implementing  this  plan,  John  estimated  the  average- 
sized  adult  human  body  consisted  of  100  pounds  of  cells. 
Next,  he  realized  he  had  to  estimate    the  weight  of  a 
cell  (7-8)  woich  led  him  to  estimate  the  linear  dimensionQ 


Numerals  in  parentheses  refer  to  statement  numsrils  in 
Problem-Solving  Protocol. 


of  a  cell  (9-10),    His  estioate  of  the  dimensions  of  a  cell 
(12-1^)  was  based  upon  the  magrJ.f ication  needed  to  see  a 
cell  throu^  a  microscope  i^h). 

At  this  point,  John  ^ettcmed  to  his  original  plan  and 
its  implementation  followed  in  a  logical,  structured 
manner  and  was  monitored  throu^out  the  entire  solution 
process.    Conscious  metacognitive  statements  can  be  found 
in  (7-11)  and 

In  the  end,  John  stated  his  answer  checked  his 

work  (22-23)  and  was  satisfied  with  his  solution.    He  toot. 

approximately  2  minutes  and  50  seconds  to  give  his  complete 
2 

solution, 
r/icpussion 

In  this  example,  the  decision- making  processes  employed 
by  John  were  very  effertive  in  obtaining  the  corr  -ct 
solution.    For  example,  the  mana^rial  decision  making 
(i*3*,  choosing  to  work  with  the  mass  of  the  cell)  was  a 
wei:.  thought  out  and  planned  process.    ImpleoBntation  of  the 
plan  (i.e.,  the  tactical  decisions)  was  carried  out  in  a 
h:'.ghly  efficient  and  accurate  manjier.    Overall,  the 
problem- solving  behavior  exhioited  by  the  subject  was 
well  planned,  monitored  and  assessed  for  accuracy  ard 


•  For  purposes  of  this  study,  John's  solution  was 
considered  correct  but  a  search  throu^  various  journals 
and  books  produced  various  solutions.    I  encourage  the 
reader  to  try  and  find  hisAer  own  solution  to  this 
problem. 


Belief  5$    He  believes  the  ability  to  use  analogies 
and  quickly  recollect  similar  problems  is  important  for 
successful  matheaatical  problem  solving.  (^1,  5) 

Belief  6;    He  believes  it  is  important  to  review 
idea*  and  fa^ts  (that  "keep  popping  back  into  my  head")  in 
preparation  for  future  mathematical  problem  eolving.  (;5) 

In  thie  case,  John  believes  the  use  of  analogiee 
(belief  5)  and  flexible  thinking  (belief  I)  are  important 
factors  involved  in  successful  problem  solving.    Also,  he 
believes  in  using  alternative  methods  in  solving  mathema- 
tical problems  in  preparation  for  fut\ire  problem  solving 
(belief  i|).    Therefore  the  cumulative  effect  of  linking 
together  beliefs  1,      and  5  may  help  explain  "why"  and 
"how"  John  was  able  to  generate  and  state  various  approaches 
to  this  problem. 

In  general,  this  problem  requires  the  problec  solver  to 
recall  and  utilise  information  stored  in  long  term  memory 
and  therefore  having  a  "good  memory"  contributes 
significantly  toweard  obtaining  a  correct  solution. 

In  this  cass,  combining  beliefs  2,  3  and  6  resulted  in 
John's  ability  to  chooes  an  efficient  plan  and  implement 
it  correc'-ly. 

It  seems  as  though  the  beliefs  acquired  by  John  in 
relation  to  mathematics  and  mathematical  problem  solving 
played  a  strong  and  positive  role  in  his  decision-making 
processed  and  his  overall  problem-solving  performance, 
(DePranco,  1987,  pp.  U3-U5) 


Conclusion  t  Igpllcgtlona  for  Teaohimr  Mathematics 

TbB  x^sults  of  this  study  support  Polya's  (1973) 
au^stlons  on  beconiin^  a  better  problem  solver,  and  there- 
fore his  suggestions  are  invaluable  tools  for  mathematics 
teachers. 

For  example,  according  to  question  5  of  the 
Questionnaire  (Appe* .  i     ;  (i.e.,.  .  .  What  general  strate- 
gies or  techniques  do  you  think  you  would  use  to  help  you 
toward  the  solution  of  a  problem?)   the  most  frequently 
cited  response  was  the  "use  of  analogies".    This  respunss 
is  identical  to  Polya's  suggestion  of  "recalling  a  similar 
or  analogous  type  problem** •    Also,  many  of  the  responses 
given  by  the  subjects  to  this  question  correspond  to  the 
list  of  heuristics  prescribed  in  his  book. 

In  question  6  of  the  P-S-T  Queetionnaire,  (i.e.,  Vhen 
do  you  rework  and  use  or  not  use  alternative  methods  to 
solve  a  problem?),  12  out  of  16  subjects  responded  alnrost 
always  or  that  they  would  use  alternative  methods  under 
certain  conditions  relating  to  the  problem. 

In  his  book,  Polya  (1973)  presents  a  fouj-step  model  or 
framework  which  cm  be  used  as  a  guide  to  help  an  individual 
becooa  a  better  problem  solver.    In  the  last  phase  of  his 
model  (i.e.,  Looiang  Back)  Polya  instructs  the  reader  to 
rework  problems  (i.e.,  by  using  alternative  methods,  by 
changing  the  conditions  of  a  problem,  by  changing  the  goal  of 
a  problem,  etc.)  and  therefore,  the  responses  by  the  subjects 
to  question  6  parallel  the  last  phase  of  Polya* a  problem- 


efficiency  throughout  the  entire  solution  process. 

The  protocol  demonstrates  that  John's  ability  to 
regulate  and  control  his  actions  on  this  problem  (i.e., 
part  2  of  the  definition  of  metacognition)  were 
instrumental  in  helpiJig  him  attain  a  correct  solution. 

What  else  could  explain  his  actions  on  this  problem? 
A  set  of  beliefs  (i.e.,  information  associated  with  John's 
metacognitive  knowledgd)  may  have  guided  or  influenced 
his  problem- solving  behavior  (in  a  positive  vay)  on  this 
pcoblem. 

Aft^r  examining  John-s  responses  to  soiDe  of  «..«e 
questions  on  the  questionnaire  (see  the  Person-Strategy- 
Taak  Questionnaire  in  Appendix  C,  it  seems  that  John 
has  acquired  the  following  beliefs t 

Belief  1 t    He  believes  one  of  the  most  important 
characteristics  of  an  expert  problem  solver  is  to  be 
flexible  and  to  think  of  various  opproaches  to  a  problem. 
(Quastion  1  (Q1)  ) 

Belief  2:    He  trusts  his  memory  for  mathematical 
facts.  ((i2a) 

Belief  3:    He  belives  having  a  '*good  memory"  is 
inpor:ant  for  successful  sivthematical  problem  solving. 
(Q2b) 

Belief  Ut    He  believes  it  is  important  to  use 
alternative  methods  in  solving  mathematics  problems  in 
preparation  for  future  mathematics,   problem  solving. 


solving  model, 

'What  are  the  implications  for  teaching  gathered  from 
the  responses  to  questions  5  and  6?    To  begin  with,  the 
study  has  indicated  expert  problem  solvers  believe  they 
rely  on  analogies  to  solve  mathematics  problems.  Therefore, 
how  irathematical  information  is  received,  stored  and 
accessed  from  memory  are  evidently  crucial  issues  involved 
in  successful  problem  solving. 

For  example,  according  to  information  processing 
models  of  huzaan  behavior,  an  individual  receives  information 
into  ehort-term  memory  (sTM).    This  information  is  usually 
"chunked"  (i,e.,  individual  bits  of  infomation  that  are 
familiar  or  recognizable  by  an  individual)  and  processed 
into  STM  in  milliseconds.    An  individual  can  usually  take 
in  about  U  chunks  at  any  one  time.    Next,  if  the  .of  orma- 
tion  is  to  be  placed  into  long-term  memory  (I/TM)  then  the 
individ-aal  must  fixate  on  the  chunk  of  information  to  be 
stored  for  approximately  8  to  10  seconds  (Simon,  1980). 

Therefore,  if  students  are  to  receive,  store  and 
access  mathematical  information  properly,  mathematics 
teachers  must  give  students  the  necessary  tin»  to  digest 
and  reflect  on  new  mathematical  information. 

Next,  aocordljag  to  the  responses  from  qua st ions  5  and 
6,  it  seems  matxiematios  teachers  should  expose  their 
students  to  the  experience  of  doing  many  different  problems. 
Also,  they  should  teach  them  to  \ander stand  the  underlying 
structure  of  a  mathematics  problem,  in  order  to  Improve  the 


student's  ability  to  recognize  strategies  for  solving 
siollar  type  problems. 

Mathematics  teachers  should  routinely  lead  their 
students  to  discovering  various  alternative  approe^hes  to 
mathematics  problems  and  train  students  hov  to  recall 
these  analogies.    This  would  create  a  reservoir  of 
similar  type  problems  that  could  be  helpful  for  present 
and  future  problem- solving  endeavors. 

Another  iaplioation  for  teaching,  deals  with 
teacher-student  mathematical  belief  systems.    Prom  this 
study,  it  seemed  mathematical  beliefs  held  by  ph.D, 
ijathematicians  influenced  (positively  or  negatively) 
their  problem-solving  performance  on  various  mathematice 
problems.    Therefore,  it  is  natural  to  assume  that  the 
mathematical  beliefs  (and  beliefs  in  general)  held  by 
students  may  influence  their  mathematical  probleai-aolving 
behavior. 

To  begin  with,  what  is  meant  by  the  term  "a  belief 
system"?   According  to  Hokeach  (i960). 

The  belief  system  is  conceived  to 
represent  all  the  beliefs,  sets, 
expectancieet  or  hypotheses,  conscious 
or  unconscious,  that  a  person  at  a 
given  time  accepts  as  true  of  t^  e 
world  he  lives  in.    (p.  33) 

What  influence  do  teacher'e  beliefs  about  mathe- 
matice and  mathematical  problem  solving  have  on  a 
student's  problem-solving  performance?   Thompson  (1982) 
examined  three  Junior  high  school  teachers  conceptions  of 


nathematicB  and  teaching  in  rtlrtion  to  their  inatruc- 

tional  practice.    She  foundt 

•••the  teachers'  views,  beliefs,  and 
preferences  about  mathematics  and  its 
teachin^r  played  a  significaiitt  albeit 
subtle 9  role  in  shaping  the  teachers* 
charsu^t eristic  patterns  of  instruc- 
tional behavior,    (p.  285) 

Therefore,  if  a  teacher's  views  and  beliefs  about 
mathematics  play  a  role  in  his/her  instructional  behavior 
then  it  seems  that  various  beliefs  about  mathematics  and 
mathematical  problem  solving  will  be  communicated  to  the 
student.    Therefore,  students  will  acquire  many  beliefs 
and  misbeliefs  about  mathematics. 

For  example,  from  this  study,  it  seemed  that  many  of 
the  subjects  felt  that  having  a  "good  memory"  wais 
necessary  for  successful  problem  sol-ring*    On  the  other 
hand,  *    an  individual  acquires  the  belief  that  raving  a 
"bad  memory"  nay  prevent  hia/lier  from  solving  a  problem 
then  this  belief  may  help  explain  an  individual's  lack  of 
perseverance  on  a  problem. 

Also,  from  the  subjects*  responses,  areas  euch  as 
confidence,  interest,  a  *'love"  of  doino  mathematics  and 
an  overall  positive  attitude  toward  mathematics,  etc. 
t9m,dkvrimA       contrib'Jitft  tc  succsssfu^  I  rtil  probl^w 

solving.    Therefore,  these  qualities  should  be  stressed 
while  teachijag  mathematics. 

On  the  issue  jf  practical  suggestions  for  teachers 
dealing  with  beliefs,  Schoenfeld  (l985h)  stated: 
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...the  real  difficulty  comes  in  helping 
students  to  remove  inappropriate  beliefs 
or  ideas:    those  beliefs  must  be  discovered 
before  they  can  be  removed  ...  Mis-beliefs 
are  only  likely  to  surface  if  students  are 
given  the  opportunity  to  ehow  us  what  they 
*know*.    In  the  classroom  I  have  found  that 
the  most  effective  way  to  find  out  what  lies 
beneath  the  stirface  of  students*  performance 
is  to  repeat  in  different  forms,  one  simple 
question:    *Vhy?*.    (p.  37$) 

Therefore,  mathematics  te8u:her8  should  be  aware  of 

their  beliefs  about  mathematics  and  mathematical  problem 

solving  and  present  mathematics  in  such  a  way  that  fosters 

and  reinforces  a  positive  mathematical  belief  system  in 

each  student. 

A  final  implication  for  teaching  from  the  results  of 
this  study  deals  with  the  phenomena  of  metacognition.  In 
general,  frott  the  problem-solving  protocols  of  the  subjects 
in  this  study,  it  seemed  that  many  of  the  subjects  used  a 
variety  of  metacognitive  skills  when  solving  the  problems. 
For  example,  in  many  of  the  cases  when  a  subject  did  a 
problem  correctly,  he  checked,  monitored  and  evaluated  his 
work  throughout  the  entire  solution  of  the  problem. 

In  an  analogoiis  way,  the  ability  of  students  to 
create  an  internal  dialogue  and  interrogate  themselves 
concerning  their  knowledge  of  mathematics  and  mathemat- 
ical problem  solving  may  be  a  necessary  skill  for 
problem-solving  success.    A  few  simple  metacognitive 
prompts  dui'ing  the  solution  process  may  help  a  student 
avoid  inappropriate  actions  on  a  problem  and  may  guide 
hiat/her  into  selecting,  revising,  abandoning  and 


purauin^  proper  strategies  for  the  aolution  )f  the 
problem. 

Therefore,  mathematice  teachers  ahcidd  incorporate 
into  their  teachia^  atyle  (in  a  natural  way),  a  method  of 
quattionixjg  that  demonfltrates  and  encourage  students  to 
reflect  and  introspect  about  their  work  during  the 
solution  of  a  problem.    This  may  establish  a  method  m 
which  students  learn  how  to  properly  manage  their 
knowledge,  thereby,  ijBprovlng  their  problem-solving 
ability. 


Appendix  A 
Person-Strategy.-Task 
^estiom^ire  Booklet 


1.     Please  describe  the  qualities,  characteristics  or 
factors  that  you  think  make  an  individual  an  expert 
problem  solver  in  mathematics. 

2a.    Suppose  you  are  asked  to  solve  a  mathematics  problem 
U»e.  either  a  research  problem  or  a  textbook 
problem  and  one  that  you  do  not  recall  doing  before) 
How  does  your  memory  for  facts,  information,  theorem, 
etc.,  affect  your  problem  solving? 

2b.    What  effect  do  you  think  this  fact  (i.e.    your  answer 
to  part  a)    may  have  upon  your  ability  to  solve  the 
problem? 

2c,  Why? 

3a.    Suppose  you  are  asked  to  solve  a  mathematics  problem 
and  immediately  after  reading  the  problem,  you 
realize  that  you  do  not  think  you  have  enough 
knowledge  to  solve  the  problem.    What  effect  do  you 
think  this  fact  might  have  upon  your  ability  to  solve 
me  problem? 

3b.  Why. 

U.  Bo  you  consider  yourself  to  be  an  expert  proolem 
solver  in  mathematics? 

Ub.  Why? 

5.     Suppose  you  are  asked  to  solve  a  mathematics  probleji 
U.e.    either  a  research  problem  or  a  textbook  problem 
and  one  that  you  do  not  recall  doing  before).  What 
general  strategies  or  techniques  do  you  think  you  would 
use  to  help  you  toward  the  solution  of  the  problem? 

6a.  After  solving  a  mathematics  problem,  when  do  you 
rework  and  use  or  not  use  alternative  methods  to 
solve  the  problem? 

6b.  Why? 

7.     Please  describe  the  type(s)  of  mathematics  problemfs) 
you  enjoy  and  usually  work  on. 


3  •  0 


o«     Please  describe  the  type(8)  of  oatheoatlcs  problems 
you  do  not  enjoy  and  do  not  usually  work  on. 

9a*    Which  areas  or  branches  of  nathematlcs  do  you  feel 
MOST  confident  vorklog  In? 

9b*    Suppose  that  a  oatheoatlcs  problem  you  are  working  on 
falls  In  one  of  the  areas  or  branches  of  mathematics 
you  fesl  MOST  confident  working  in*    What  effect,  do 
you  think  thld  would  havo  upon  your  ability  to  solve 
the  problem? 

9c*  Why? 

10a*    Which  areaa    or  branches  of  mathematics  do  you  feel 
LEAST  confident  working  in? 

10b*    Suppose  that  a  oatheoatlcs  problem  you  are  woricing  on 
falls  in  one  of  the  areas    or  branches  of  oatheoatlcs 
you  feel  LEAST  confident  working  in*    What  effect,  do 
you  think  this  would  have  upon  your  ability  to  solve 
ths  problem? 

10c*  Why? 

Appendix  B 
Pr  obi  em- Solving 
Task  Booklet 

Question  1 

In  how  many  ways  can  you  change  one-half  dollar? 

Question  2 

Estiaate,  as  accurately  as  you  can,  hcv  many  cells  might 
be  in  an  average-sized  adult  buaan  body*    Wliat  is  a 
reasonable  upper  eatlnate?   A  reasonable  lower  estimate? 
How  anich  faith  do  you  have  in  your  figures? 

Question  3 
Prove  the  followljig  proi>osltlan: 

If  a  side  of  a  triangle  is  less  than  the  average  of  the 
t«o  cthsr  sides,  then  the  opposite  sn^e  is  Isss  than  the 
averag*  of  the  two  other  angles.        ^  ' 

Question  k 

You  are  given  a  fixed  triangle  T  with  Base  B.    Show  that 
it  is  always  possible  to  construct,  with  ruler  and  coapass, 
a  straight  line  parallel  to  B  such  that  the  line  divides 
T  into  two  parts  of  equal  area* 
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Appendix  C 
Excerpts  from  the  Person-Strategy-Task 
Questionnaire 


Question  1  (^):    Please  describe  for  me  the  qualities, 
characteristics  or  factors  that  you  think  make  an 
individual  an  expert  problem  solver  in  mathematics* 

Responses    I  think  one  of  the  main  problems  for  the 
problem  solver  is  to  *  *  *  not  be  locked  onto  a  single 
approach*    So  one  has  to  sort  of  relax  and  *  *  •  think  of  a 
lot  of  possibilities  at  once,  that's  certainly  one 
inportant  way  to  look  at  it*    Certainly  om  of  the  most 
important  factors  is  experience  *  •  •  it's  remarkably 
cooDion  to  find  •  *  *  that  a  problem  that  you've  been  asked 
is  quite  sinilar  to  some  old  problem  and  if  you  have  the 
ability  to  quickly  recollect  another  problem  i^ch  is 
similar  or  possibly  even  exactly  the  same  obviotisly  that's 
a  great  advantage  *  *  *  this  is  all  a  question  of  Just 
thinking  fast  basically  •  •  •  thinking  over  the  various 
possible  approaches  vhich  you  know,  ths  more  experience 
you  have  the  more  •  e  •  you  can  draw  on  to,  to  give 
yourself  possibilities  of  ways  of  thinking  about  it*  I 
think  about  that  it  is  very  useful  to  use  analogies  •  «  « 
of  various  sorts,  acMsetines  one  can,  can  translate  a 
problem  into  another  context  and  see  that  you  have  an 
equivalent  problem  •  •  •  where  the  •  •  *  the  anav-^'r  is 
sonei^t  more  obvious  on  perfam)s  some  physical  grounds  or 
something  of  that  sort.    But  overall  I  would  say 
experience  and  fast  thinking  are  the  most  ioportant 
considerations* 

Question  2a!    Suppose  you  are  asked  to  solve  a 
mathematics  problem  (l.e* ,  either  a  reseeucch  problem  or  a 
textbook  problem  and  one  that  you  do  not  recall  doing 
before)  •    How  does  your  meaory  for  facts,  information, 
theorems,  etc*,  affect  your  problem  solving? 

Responses   Wall  obviously  .  .  .  very  strongly.  But 
exactly  how  is  not  sntirely  clear  to  ne  *  .  *    As  I  said  a 
moment  ago  the  first  thing  one  does  is  try  to  think  about 
analogies  in  one  flort  or  another  and  to  think  over  other 
problems  whi<''i  if  not  exactly  the  same  are  at  lea£t  close 
•  *  •  and  •  *  *  then  bring  in  thsorema  *  «  •  I  certainly 
don't  feel  that  at  any  point  I  simply  parse  ay  way  throu|^ 
a  strong  string  of  thscrems  in  hopes  of  *  *  «  getting  there, 
althoxi^  I  certainly  do  •  •  •  think  about  individual 
theorems  which  I  know  •  •  .  without  having  sort  of  gone 
through  a  string  or  at  least  not  consciously  gone  throu^ 
a  string  •  .  .  have  hypothesis  t^ich  are  somehow  related 
to  the  problem  in  hand* 


Question  2b:    What  effect  do  you  *hink  thia  fact  (i.e., 
your  anawer  to  port  (a))  may  have  upon  your  ability  to 
solve  the  problem? 

Responae:    I  don't  know  what  fact  you  mean?  .  ,  .  how  doea 
your  memory  •  .  .  I  don't  knew  how  it  does  so  I  don't  know 
if  that'i  a  fact  in  any  event.    But  ...  I  don't  see  hcv 
to  answer  tUie,  I  mean  it'o  perfectly  clear  that  ...  I 
caat  abouV  throu^;h  •  .  ,  the  entire  ran^  of  my  experience 
in  oatheaavice  in  so  far  as  it  appears  to  be  relevant  to 
.  •  •  the  problem  in  hand  .  .  .  and  .  .  .  without  that  I 
would  have  no  poaaibility  of  aolving  the  problem  ...  so 
obviously  it  is  all  important. 

Question  5s    Suppose  you  are  asked  to  solve  a  mathematics 
pTOblem  (i.e.,  either  a  research  problem  or  a  textbook 
problem  and  one  that  you  do  not  recall  doing  before). 
What  genera?  strategics  or  techniques  do  you  think  you 
would  use  to  help  you  toward  the  solution  of  the  problem? 

Response:   Veil,  as  I  told  you  the  only  thing  I  can  think 
of  is  to  think  of  amlogies  ...  in  either  context, 
althou^  the  nature  of  the  analogies  are  likely  to  be 
different.    Anything  which  is  called  a  "textbook  problem" 
one  automatically  presumes  is  solvable  within  a 
relatively  confined  context ^  in  the  sense  that,  the 
problem  if  it  is  in  fact  in  the  textbook  is  likely  to  be 
in  a  certain  chapter  which  has  to  do  with  integration  or 
linear  algebra  or  whatever,  and  one  can  oft^n  solve  such 
a  problem  in  that  context.    In  other  worde,  the  context 
provides  you  a  much  narrower  area  in  which  you  aust  search 
for  analogies  and  strategies.   Now  the  more  general 
question,  \ihat  kind  of  strategy  does  one  use?  ...  in 
general,  how  does  one  do  it?   Well  certainly  one  of  the 
easiest  and  most  efficient  techniques,  is  to  take  a 
problem  when  it  is  not  totally,  tightly  .  .  .  proposed. 
That  is  to  say,  if  one  wants  to  prove  that  sonethlng  is 
true  in  general,  certainly  one  of  the  best  etrategies 
if  to  consider  an  extremely  simple  special  case  of  the 
problem. , ,  if  you  have  a  problem  that  has  to  do  with  all 
integers  for  example,  start  out  with  two.  .  .  instead  of 
the  general  N.N  =  2,  see  if  you  can  see  what's  going  on. 
"  *  3,  see  if  you  can  see  what's  going  on.   By  that  time 
if  it's  true,  you  probably  can  see  what's  going  on. 
Sofflstimes  that  of  coxtcse  doesn't  work.   Sometimes  one 
doesn't  find  the  real  ana,  ar  so  to  speak»  the  real  structure 
underlying  the  thing  until  one's  gone  a  long  way  and 
sometimes  you  get  tired  of  that  kind  of  stuff  .  .  . 
own  strategy  has  been  alwaye  to  .  .  .  reconsider  the 
foundations  of  the  issue  in  some  sense.    I  very  frequently 
•pend  a  lot  of  time  going  over  the  most  elementary  aspects 
of  the  subject  in  question,  in  hopes  of  simply  building 
«y.  .  .  reaction  .  .  .  lowering  my  reaction  time,  so  to 
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speak,  or  .  .  .  trying  to  somehow  build  en  overall 
perspective  on  the  kinds  of  issues  that  are  at  stake. 
I  use  very  large,  mental  images  of  .  .  .  all  sorts 
of  abstract  concepts.    I  have  v/ften  times  had  mental 
images  which  would  be  very  difficult  to  describe  about  .  . 
the  meaning  of  certain  mathematical  structures.  S:ometiae3 
they're  .  .  .  always  pictures,  they're  always  in  a  sense 
spatial  images  or  perhaps  geometric  .  .  .  images  but 
sometimes  they're  a  little  difficult  to  explain  their 
act'»al  relevance,  so  I  would  be  hard  pressed  to  do  that.  . 
but  I  do  see  often  times  patterns,  and  as  I  say  I  go  over 
the  foundations  of  a  subject  trying  to  see  how  those 
patterns  will  emerge,  wixn  of  course,  .  .  .  efforts  to  .  . 
see  how  those  things  could  be  applied  to  the  qxiestion  in 
hand.    I  have  often  four^  in  ny  research  that  ...  I  keep 
coming  back  to  certain  ideas,  unable  to  sse  why  they're 
relevant  and  yet  in  the  end  they  do  prove  to  be  relevant. 
So  that  when  I  find  ideas  keep  popping  back  into  «y  head  I 
.  .  .  definitely  make  an  effort  to  .  .  .  review  them 
frequently  in  hopes  that  once  again  .  .  .  some  idea  which 
I  don't  perceive  exactly  the  relevance  of,  will  indeed 
turn  out  to  be  ok.  .  . 

Question  6a:    After  solving  a  mathemati  s  problem,  when 
do  you  re-work  and  use  or  not  use  alternative  methods 
to  solve  the  problem? 

Response:    Well,  this  again  depends  a  great  deal  on  my 
involvement  with  the  problem.    If  I'm  really  concerned 
with  this  problem,  that  is,  I  really  am  interested  in 
knowing  more  about  the  area  in  which  the  problem  occurs, 
then  of  course,  I  would  always  try  to  re-work  the  problem 
and  try  and  see  if  there  are  other  ways  to  look  at  it  .  .  . 
many  times  more  effective  methods  of  looking  at  the 
problems  and  so  on.    On  the  other  hand,  there  axe  problems 
like  a  problem  i^ich  somebody  poses  as  a  sort  of  a  dinner 
table  "cutie"  or  something  like  that  in  which,  you  know, 
I  solve  it  and  that's  that.   I  mean  it's  not  worth 
effort  to  go  after  it  in  nore  detail.    But  aometiass  I 
do  tliat  anyhow  for  mental  problems,  that  is,  problems 
which  are  sort  of  cute  problems  which  axe  passed  around 
aa  •  »  .  problems  to  think  about  and  presumably  be  iiolTed 
quickly  by  one,  from  one  mathematician  to  another,  not 
research  problems  but  teasers.    I  find  that  .  .  . 
sometiaes  I  do  study  those  .  .  .  just  to  try  and  see  if  I 
can  think  of  other  ways  of  getting  at  it  and  it  turns  out 
they're  often  many  ways  of  getting  at  those  problems  and 
•  •  •  often  times  when  such  a  problem  is  proposed  you 
answer  it  and  you  offer  a  suggestion  as  to  how  you  did  it 
and  sonebody,  says  "Oh,  that's  an  interesting  way,  I 
thought  about  it  this  way  and  the  other  guy  has  an 
entirely  different  way  of  looking  at  it.    So,  those 
schemes  are  very  useful  in  building  your  overall  strategy 


for  aathtaatics  Bolrtne,  iVa  just  that  it  givet  you  sore 
txperitnct.  it  givet  you  nor«  •  •  •  altemativB  routes  to 
look  at  tooathixig  •  •  •  and  obviously  thssa  axo  useful  at 
all  levels  t  the  alternative  route  is  part  of  the  \fhol9 
strategy  that  I  aen^.ioned  earlier. 
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Reinders  Duit    -    Institute  for  Science  Education  (IPN) 
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1.  INTRODUCTION 

A  great  deal  of  research  has  been  done  and  still  is  being 
done  in  the  field  of  students'  alternative  frameworks  all 
over  the  world  (though  mainly,  as  far  as  we  know,  in  the 
"western"  world).  A  bibliography,  continually  updated, 
started  with  several  hundred  papers,  articles  >nd  books,  now 
it  already  contains  more  than  1  000  (Pfundt,  Dmt,  1987).  Two 
groups  of  researchers  have  been  formed,  an  informal  one 
called  the  "Invisible  College"  and  a  Special  Interest  Group 
of  the  AERA  (SIG  "cognitive  structure  and  conceptual 
change").  Although  some  excellent  review  papers  (e.g.  Driver,, 
Erickson,  1983;  Gilbert,  Watts,  1983;  Hashweh,  1986), 
summarizing  books  (e.g.  Osborne,.  Freyberg,  1985;  Driver, 
Guesne,  Tiberghien,  1985)  and  bibliographies  (e.g..  Pfundt, 
Duit,  1987;  Giordan,  1987)  are  avail?ble  it  has  become 
difficult  to  keep  track  of  what  has  been  done,  what  is  being 
done  and  what  will  or  should  be  done  in  future.  This  paper 
tries  to  give  some  guidance  in  such  an  endeavour.  A 
comprehensive  review  cannot  be  e/pected.  I  merely  want  to 
present  some  frameworks  and  categories  *'hich  appear  to  be 
helpful  (in  my  view)  in  leading  to  an  insight  into  topics  of 
research,  into  theoretical  frameworks  employed  and  into  the 
consequences  drawn  for  science  teaching. 
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2.  STUDENT'S  CONCEPTIONS  IN  DIFFERENT  CONTENT  AREAS 


Research  on  students'  alternative^  frameworks  in  science  is 
based  on  the  idea  that  the  conceptions  the  learner  already 
holds  considerably  influence  the  learning  process.  Empirical 
research  therefore  started  investigating  students' 
conceptions  before  instruction  as  well  as  the  change  of  these 
conceptions  during  instruction,  mainly  within  "traditional" 
instructional  settings.  Only  recently  is  there  a  rapid 
increase  of  studies  in  which  the  effect  of  newly  developed 
instructional  settings  (new  learning  strategies,  new  setups 
of  content  and  other  new  instructional  arrangements,,  see 
chapter  6)  is  investigated.  But  until  now  studies  of  the 
first  kind  predominate.  In  the  above-mentioned  bibliography 
by  Pfundt/Duit  (1987)  some  550  entries  are  of  the  first  and 
only  some  120  entries  of  the  second  kind. 

It  may  be  interesting  to  look  at  the  different  content  areas 
in  which  ompirical  studies  of  the  first  kind  are  available 
(see  tab.  1).  It  is  surprising  that  physics'  topics  are  so 
dominant.  Compared  with  the  number  of  studies  in  the  area  of 
physics,  the  number  of  studies  in  the  areas  of  biology  and 
chemistry  is  rather  small. 

A  brief  remark  is  necessary  at  this  point.  It  may  well  oe 
that  the  great  dominance  of  physics  topics  in  tab.  1  is 
partly  due  to  the  fact  that  my  attention  is  concentrated  on 
physics  because  I  am  a  physics  educator.  But  I  try  to 
compensate  this  "one-sideness"  as  much  as  possible.  My 
colleague  Helga  Pfundt  who  ran  the  bibliography  until  her 
death  was  a  chemist.  Now  my  colleague  Werner  Dierks  provides 
me  with  articles  from  the  field  of  chemistry.  It  is  true  that 
I  do  not  systetAatically  look  for  articles  with  a  biological 
emphasis,  but  only  recently  I  was  provided  by  M.  Barker  and 
A.  Giordan  with  bibliographies  of  this  area  which  are 
included  in  tab.  !•  ^  []  k*./ 
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HSCHANICS 

force  and  motion/work, power, energy/speed, 
^176^  acceler at lon/gravity/pres sure/density/ 
floating, sinking 

BliBCTRICITY 

104 

simple, branched  circuits/topological  and 
geometrical  structure/models  of  current 
f low/current , voltage, res  1 stance /electro- 
statics/electromagnetism/danger  of  elect.. 

HEAT 

47 

heat  and  temperature/heat  transfer/expan- 
sion by  heating/change  of  state, boiling, 
freezing/explanation  of  heat  phenomena 
in  the  particle  model 

OPTICS 

40 

light /light  propagation/ vis ion/ 
color 

PARTICLKS 

39 

structure  of  matter/explanation  of  pheno- 
mena (e.g*heat  , states  of  matter ) /conceptions 
of  the  atom/radioactivity 

27 

energy  transformation/  -  conservation/ 
-  degradation 

ASTROMOKY 

19 

shape  of  the  earth/charactf ristics  of 
gravitational  attraction/satellites 

"MODKRlf*  PHYSICS 

1  ^ 

quantum  physics/special  relativity 

CHKMISm 

56 

combustion, oxidation /chemical  reactions/ 
transformation  of  substances/chemical  equi- 
librium/symbols , formula/mole  concept 

BIOLOGY 

m 

40 

plant  nutrition/photosynthesis /osmosis/ 
life/origin  of  lif e/evolution/human  circu- 
lary  system/genetics/health/growth 

Tab.l:  Studies  on  students'  conceptions  iD  different  ^reas 
(the  figures  give  the  number  of  articles  ccritained 
in  the  bibliography  by  Pfundt/Duit  (1987)  in  a  certain 
area) 
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About  550  studies  are  reflected  in  tab.  1.  Do  we  already  know 
enough  about  students'  conceptions  in  science  topics?  Claxton 
(1986)  is  of  the  opinion  that  we  indeed  know  enough  about 
them  so  that  there  is  no  need  for  further  studies 
investigating  conceptions.  I  think  Clayton  is  only  right  if 
one  takes  the  point  of  view  of  a  researcher  who  wants  to 
develop  a  somewhat  comprehensive  (general)  theory  of  ] earning 
science.  Indeed  the  research  findings  available  so  far  allow 
us  to  understand  main  general  aspects  of  learning 
difficulties.  They  do  provide,  for  instance,  much  empirical 
evidence  for  one  of  the  basic  ideas  of  the  constructivistic 
view  of  learning,  namely  that  conceptions  considerably 
influence  perceptions  (e.g.  observations)  (see  e.g. 
Karniloff-Smith,  Inhelder,,  1976;  Gauld,  1986).  Many  other 
examples  of  this  general  kind  could  be  given.  Indeed,,  there 
is  much  empirical  evidence  available  which  allows  a  new 
general  view  of  teaching  and  learning  science  to  be 
developed. 

But  Claxton  (1986)  is  not  right  if  one  takes  the  point  of 
view  of  a  teacher  or  a  science  educator  who  wants  to  prepare 
or  to  plan  instruction  for  a  specific  science  topic.  Of 
course,,  general  considerations  on  aims  of  science  instruction 
and  on  the  role  of  students*  conceptions  in  the  learning 
process  may  guide  the  planning  process  and  instruction  m  the 
classroom.  But  very  specific  knowledge  of  students' 
conceptions  in  the  specific  content  area  is  necessary.  This 
is  especially  true  if  Claxton  (n.d.)  is  right  (and  I  think  he 
is)  that  students'  conceptions  (Claxton  speaks  of  "mini- 
theories'M  are  content-specific. 

A  brief  look  at  tab.  1  from  this  point  of  view  reveals  that 
there  are  many  topics  relevant  in  science  instruction  in 
vhich  nothing  or  little  is  known  about  students*  conceptions. 
That  is  obviously  true  for  the  areas  of  biology  and 
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chemistry,,  whrre  only  a  small  total  number  of  stndias  is 
available.  But  it  is  even  true  for  the  area  of  physics.  Of 
course,  there  are  certain  topics  where  enough  studi^is  are 
available.  I  ♦'hink.,  for  instance,  that  further  studies  ^ill 
not  reveal  too  much  new  information  on  students'  ideas  of 
force.  But  also  in  fields  where  many  studies  are  available 
(such  as  mechanics  and  electricity)  there  are  still  important 
topics  isuch  as  electromagnetic  induction  m  the  field  of 
electricity)  which  have  not  been  investigated  so  far.  Other 
fields  of  physics,  such  as  magnetism  and  sound,  appear  to 
have  missed  out  on  any,  at  least  any  considerable  attention 
so  far.  I  hold,  therefore,,  that  further  research  on  students' 
conceptions  of  the  first  Icind  is  necessary  in  order  to 
provide  teachers  and  science  educators  with  sufficient 
Knowledge  of  possible  students'  conceptions  in  all  relevant 
areas  of  science.  Tab.  1  may  guide  such  a  rese-rch  in  order 
to  avoid  "butterf lying  through  the  curriculur:^*     Pines,,  West, 
1986),  I.e.  research  suclcing  one  misconception  lere,,  another 
there. 


3.  STUDENTS*  CONCEPTIONS  OF  DIFFERENT  DOMAINS 

.Research  in  our  field  is  mainly  based  on  a  constructivistic 
view  of  learning,  i.e.  on  the  idea  mentioned  above  that 
students'  conceptions  considerably  influence  learning  and  the 
idea  that  students  have  to  construct  their  knowledge  actively 
(see  some  further  remarks  on  the  constructivistic  view 
below).  It  IS  interesting  to  analyze  which  kind  of 
conceptions  have  beeii  given  attention  in  research  so  far, 
i.e.  which  kind  of  conceptions  have  been  viewed  as  most 
relevant  concerning  learning  science. 

A  first  reduction  is  remarkable.  Although  a  construct ivistic 
view  of  learning  'Underlines  the  importance  of  the  affective 
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domain,,  the  cognitive  domain  has  been  given  and  still  is 
given  altiost  exclusive  attention.  In  the  cognitive  domain 
there  are  some  important  reductions  too.  The  overwhelmng 
rajority  of  studies  concentrate  on  science  concepts,,  i.e.  on 
conceptions  of  science  topics  (see  the  overview  m  tab,  1). 
Studies  on  science  processes  are  rarely  to  be  found  (for  an 
approach  taking  students'  conceptions  of  the  range  and  the 
nature  of  science  concepts  into  consideration  see  Niedderer, 
1982,  Schecker,  1985) . 

Whereas  science  processes  are  not  given  much  attention  there 
are  some  attenpts  to  detect  general  "modes  of  thinking"  which 
fray  "stand  beh  nd"  students'  conceptions  of  specific  science 
topics,  Jung's  research  program,  for  instance,,  is  a 
remarkable  example  of  such  an  attempt.  Behind  the  great 
number  of  investigations  of  conc?^*"ions  in  the  areas  of 
electricity,  mechanics,  heat  and  optics  there    s  the  search 
for  general  "modes  of  thinking"  such  as  schema:  like  the 
"give-schema"  (see  Meichle,,  1981)  or  general  citegories  of 
thinking  like  thinking  in  the  category  of  relation  (which  is 
of  great  importance  in  science,  see  Jung,  1979),  Another 
attempt  which  shall  be  mentioned  here  is  Andersson's  (1986) 
interpretation  of  conceptions  in  different  content  areas 
w.thin  the  framework  of  "experiental  gesfalt  of  causation". 
Di  Sessa's  (1985)  interpretation  of  students'  conceptions  in 
the  area  of  "force  and  motion"  within  his  framev^ork  of 
"phenomenological  primitives"  (see  below)  leads  into  a 
similar  direction. 

A  brief  remark  on  recent  research  attempts  will  conclude  this 
section.  There  are  some  studies  now  which  go  beyond  students' 
conceptions  of  science  concepts,  science  processes  or  general 
"modes  of  thinking",  namely  investigating  how  students  view 
what  IS  going  on  in  classroom  (e.g.  how  they  view  the  role  of 
experiments  they  perform)  and  how  they  view  their  ovn 


learning  process  (see  e.g.  Tasker.  Freyberg,  1985;  Mitchell, 
Baird,  1986;  further  see  some  additional  remarks  in  chapter 
6). 


4.  THKORBTICAL  FRAMKVORKS  OF  RESEARCH.  PART  I:  THE  MANIFOLD 
TERMS  aSED  TO  INDICATE  STUDENTS'  CONCEPTIONS 

Many  terms  are  used  to  indicate  what  this  paper  so  far  has 
called  students'  conceptions..  In  the  following  I  try  to 
provide  an  overview  of  such  terras.  Although  I  do  not  mention 
all  teras  used  in  the  literature  I  hope  to  mention  the  ones 
which  indicate  the  most  important  positions  of  research.  The 
purpose  of  the  overview  is  not  simply  to  show  how  a  plethora 
of  names  can  be  given  to  almost  exactly  the  same  thing.  I 
hope  that  the  main  lines  of  thought  within  our  research  area 
become  visible.  In  order  to  understand  the  difrerer.c 
positions  appropriately  it  may  help  to  be  remir.ded  of  the 
fact  that  researchers  of  rather  different  poinrs  of  view  are 
cooperating  in  our  field.  On  the  one  hand  there  are  those 
researchers  who  are  interested  in  general  aspects  of  thinking 
and  learning  (e.g.  problem  solving-strategies) .  They 
investigate  students  conceptions  in  the  area  of  science  for 
the  sake  of  developing  their  general  theories.  On  the  other 
hand  there  are  science  educators  who  are  interested  in 
guiding  students  to  science.  They  investigate  students' 
conceptions  with  the  aim  of  improving  science  learning.  Of 
course,  there  is  a  considerable  overlap  in  the  interests  of 
the  two  groups.  But  there  are  also  considerable  differences 
which -lead  to  different  eiXphasis  on  specific  aspects. 


Conception.  This  term  has  been  used  in  this  paper  so  far  for 
good  reasons.  In  my  view  it  appears  to  be  the  most  "neutral" 
term.  It  indicates  that  the  learner  forms  a  "mental 
representation"  of  the  world  outside  himself.  Such  a  mental 
representation  facilitates  an  understanding  of  this  outside 


ERIC 


314 


world  and  of  the  behaviour  appropriate  within  it.  Conception 
appears  not  too  far  removed  from  what  usually  is  called  a 
concept.  The  difference  seems  to  be  that  conceptions  are 
somewhat  looser  or  vaguer  than  concepts.  Preconceptions 
indicate  the  conceptions  students  have  formed  before 
instruction. 

Conceptual  Framework.  "By  the  construct  "conceptual 
framework"  we  shall  mean  the  mental  organization  imposed  by 
an  individual  or  sensory  inputs  as  indicated  by  regularities 
in  an  individual's  responses  to  particular  problem  settings" 
(Driver*  Erickson,,  1983). 

Conceptual  framework  appears  to  be  not  too  far  from  what  has 
been  called  conception  here.  The  difference  seems  to  be  that 
conceptual  frameworks  are  of  a  rather  more  general  nature. 
I.e.  do  not  indicate  single,  very  specific  conceptions. 

Construct.  This  is  a  term  stemming  from  a  constructivistic 
point  of  view  (see  e.g.  Kelly,  1955).  The  meaning  is  more  or 
less  the  same  as  the  meaning  of  conception  if  the  above 
statements  on  conception  are  given  a  constructivistic 
meaning,  i.e.  the  idea  is  taken  that  every  student  has 
actively  to  construct  his  "aental  representation"  of  some 
part  of  the  world  outside. 

Misconceptions.  Misconceptions  are  conceptions  vhich  are 
incorrect  viewed  from  the  standpoint  of  science.  Quite  often 
a  value  judgement  is  connected  with  the  use  of  this  term:  the 
science  conceptions  are  the  only  ones  which  can  be  tolerated, 
the  misconceptions  have  to  be  erased.  Because  the  great 
majority  of  researchers  in  our  field  do  not  take  such  a 
traditional  "hardliner's"  point  of  view  the  term 
misconception  is  avoided  by  quite  a  considerable  number  of 
them.  Some  give  it  spe^rific  meanings.  Nachtigall  (1986),  for 
instance,  terms  misconceptions  incorrect  conceptions  (seen 
from  the  science  point  of  vipw) ,  which  have  baen  formed  by 
science  instruction  itself.  Recently  the  aspect  indicated  by 
the  prefix  "mis"  appears  to  be  discussed  under  the  heading  of 
"students'  errors"  (see  e.g.  Fisher,  Lipson,  1986). 

Alternative  fraaework.  This  term  has  been  proposed  by  Driver 
and  Easley  (1978)  as  reciprocal  to  the  term  misconception  and 
Its  above  mentioned  "traditional"  view  of  science.  The  term, 
therefore,  stands  for  a  program  with  which  most  researchers 
in  our  field  will  agree:  students'  conceptions  are  no  longer 
viewed  as  conceptions  which  have  to  be  erased  in  science 
instruction  as  fast  as  possible  but  they  are  viewed  as 
conceptions  in  their  own  right.  In  many  everyday  situations 
they  are,  for  instance,  most  helpful.  Quite  often  they  are  in 
such  situations  more  helpful  than  science  conceptions. 
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Children's  science.  This  terip  also  indicat^is  that  chi*ir-?ns* 
conceptions  are  conceptions  in  their  own  right.  It  scar:s 
from  Kelly's  (1955)  "nan-the-scientisf  idea.  i.e.  tv)r  the 
idea  that  the  mental  constructions  of  all  hu'ian,  bci.igs  are  *n 
principle  quite  comparable  to  the  constructions  of 
scientists.  Children,  therefore,  are  also  sciencis's.  though 
of  course  only  within  the  limited  range  of  their  state  of 
development  (see  e.g.  Gilbert,  Osborne,  Fensham  1982;. 

Mini-theory.  Claxton  (n.d.)  follows  the  idea  of  the  child  as 
a  scientist  too,  "theory"  indicates  this.  "M-ni"  stands  for 
the  fact  that  most  students*  conceptions  do  have  only  a 
rather  snail  range  of  validity.  Mini-theor les  are  content  and 
context  specific,  i.e.  students  hold  many  of  these  theories, 
each  of  them  valid  only  in  small  content  and  context  areas. 

Idea,  notion,  belief.  There  are  many  other  terms  in  use  to 
highlight  specific  aspects  of  students*  conceptions.  "Idea" 
and  "notion"  indicate  that  students'  conceptions  quite  often 
are  somewhat  vague.  "Belief"  highlights  the  fact  that  many 
students*  conceptions  have  aspects  of  a  rather  deep-rooted 
conviction,  students  "believe"  in  them. 

Scheaa,  script,  frame.  There  are  many  relations  between 
research  m  our  field  and  cognitive  psychology.  Therefore, 
terms  of  cognitive  psychology  are  frequently  u  -id  in 
students'  conceptions  research  (for  a  critical  review  see 
Jung,  1985).  Schema  is  a  term  already  used  by  Fiaget.  In  our 
field  It  is  usually  used  in  the  following  way    Jung,  1985): 
it  does  not  indicate  what  Claxton  (n.d.)  calls  i  aiini-theory, 
it  IS  used  for  general  "nodes  of  thinking"  such  as  the  "give- 
schema"  which  plays  an  inportant  role  in  many  areas  t'a 
battery,  for  instance,  gives  current,  energy  or  something 
else  to  a  bulb"  according  to  many  students*  ideas  in  the  area 
of  electricity;  see  Maichle,  1981). 

Franes  are  "powerful  baclcground  schemas"  (Jung,  1985),  i.e. 
conceptions  which  guide  thinking  and  acting  in  somewhat 
broader  areas. 

Phenomenological  primitive.  What  di  Sessa  (1985)  has  called 
phenomenological  primitives  ("p-prins")  are  rather  general 
conceptions:  phenomenological  primitives  "can  be  understood 
as  simple  abstractions  fron  connon  experiences  that  are  taken 
as  relatively  priniti/e  in  the  sense  that  they  generally  need 
no  explanation,  they  simply  happen"  (di  Sessa,  1985)  .  An 
exanple  of  a  p-prin  is  "Ohn*s  Law":  the  bigger  the  drive  of 
sonething  the  bigger  is  the  effect  and  the  bigger  the 
hindrance  the  snaller  is  the  effect.  Phenomenological 
primitives  are  powerful  "background  schemas"  (i.e.  franes)  to 
employ  the  above  nentiored  neaning  of  these  terns.  They  form 
when  the  child  is  confronted  with  phenonena  and  tries  to 
manipulate  then. 
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5.  THEORETICAL  FRAMEWORKS  OF  RESEARCH.  PART  II: 

TBE  CONSTRUCTIVISTIC  VIEW  OF  LEARNING  AS  CONCURRING 
POSITION 


The^ preceding  part  I  of  "theoretical  frameworks  of  research" 
has  pointed  out  that  there  is  considerable  concurrence 
between  researchers  in  our  field  despite  manifold 
differences.  In  the  past  years  it  has  become  common  to 
describe  this  concurrence  within  an  constructi /iscic  view  of 
learning.  Rather  briefly  scetched  (for  more  details  see 
Gilberg,  watts,  1983;  Glasersfeld,  1983;  Driver,  Oldham, 
1985;-  Watts,  Pope,  1985)  a  constructivistic  view  means  that 
human  learning  is  viewed  as  a  very  active  construction 
process.  Learning  is  not  seen  as  a  process  of  simply  storing 
pieces  of  knowledge  provided  by  a  teacher  {a  book  or  anything 
else).  It  IS  on  the  contrary  seen  as  a  process  of  actively 
constructing  the  knowledge  by  the  learner  hers  If  on  the 
grounds  of  her  already  existing  conceptions. 

It  IS  interesting  to  follow  the  roots  of  this  construct- 
ivistic  concurrence"  in  our  research  field,  i.e.  to  look  at 
the  positions  employed  in  order  to  underpin  the  construct- 
ivistic view  (see  e.g.  in  Driver,,  Erickson,  1983;  Gilbert, 
Swift.  1985): 

(a)  Main  trends  in  the  philosophy  of  science  in  the  60*s  and 
70's:  Hanson's  (1965)  idea  that  all  perceptions  are  theory 
laden;  Kuhn*s  (1970),  Lakatos'   (1970),  Feyerabend's  (1978) 
view  of  knowledge  as  relational  in  nature,  not  being  "nuggets 
of  truth"  (Kelly,,  1955)  but  being  hunan  provisional 
constructions. 

(b)  Information  processing  theories  as  have  been  worked  out 
in  the  past  10  to  15  years  (see  e.g.  Centner,  Stevens,  1983). 

(c)  Constructivistic  traditions  in  philosophy  and  social 
sciences  (see  e.g.  Kelly,  1955;  Magooi..  1977;  watzlawik, 
1931) . 
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It  IS  certainly  not  by  accident  that  the  constructivistic 
view  became  prominent  during  the  early  80* s. 
There  are  trends  of  thinking  in  other  areas  which  are  very 
near  to  this  view.  The  idea  of  self  organizing  systems 
appears  to  become  a  general  way  of  thinking  in  natural  as 
wel]       in  social  sciences  (see  e.g.  Vatzlawik,  1981).  This 
idea  is  near  to  basic  views  of  constructivism  insofar  as 
systems  organize  themselves  (i.e.  construct  new  structures) 
due  to  specific  traits  of  their  internal  structure  in 
interaction  with  the  environment.  It  is,  for  instance,  rather 
exciting  to  read  Bereiter's  (1985)  analysis  of  seeming 
paradoxes  of  the  constructivistic  view  from  the  point  of  view 
of  basic  ideas  of  self-organising  systems,,  especially  from 
the  point  of  view  of  self-reference. 

This  idea  highlights  the  problem  how  it  is  possible  for  new 
structures  to  grow  up  out  of  the  system  itself.  This  paradox 
is  discussed  at  great  length  by  Hofstadter  (19"9),  for 
instance,  in  a  book  which  has  in  some  way  beco^Te  a  "cult 
book"  of  the  80 's. 

The  tendency  of  many  science  educators  in  our  research  field 
to  adopt  the  constructivistic  view  expresses  the  nee.d  for  a 
theoretical  foundation  of  students*  conceptions  research.  It 
would  be  quite  an  interesting  task  to  follow  this  search  for 
theory  in  the  different  research  groups.  The  group  in  Surrey 
(Gilbert,  Pope  tnd  others) »,  for  instance,  started  their  well 
known  and  well  recommended  research  method  of  "interviews 
about  instances"  (I-A-I)  based  on  somewhat  traditional  ideas. 
One  of  the  main  references  for  the  first  description  of  the 
aethod  (see  Gilbert,  Osborne,  1979)  was,  for  instance, 
Klausmeier  et  al.  (1974).  When  adopting  Kelly's  (1955)  point 
of  vieH  they  also  underpinned  their  "I-A-I-method"  vith  this 
view  but  without  changing  the  method  of  interviewing  itself 
to  any  appreciable  extent.  What  they  did  change  was  the 
interpretation'  of  Ihe  gained  research  data. 
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There  is  some  reservation  about  the  term  "constructivistic" 
because  some  streams  of  construct ivsm  m  philosophy  are 
rather  near  to  solipcism,,  i.e.  neglect  social  aspects  of 
constructing  knowledge.  But  in  general  the  constructivistic 
view  IS  accepted  at  least  to  a  certain  extent  by  all 
researchers  in  our  field.  "At  least  to  a  certain  extent" 
means  that  this  view  dees  not  always  appear  to  be  deeply 
rooted.  Sometimes  it  is  mainly  or  even  exclusively  employed 
when  viewing  students'  learning,  i.e.  it  is  accepted  that 
students  have  to  construct  their  knowledge  actively  on  the 
grounds  of  constructs  already  available  to  them.  But  it  is 
overlooked  that  the  constructivistic  view  has  to  be  employed 
in  a  much  broader  manner.  It  also  has  to  be  considered  that 
the  researcher  her/himself  constructs  the  conceptions  of 
students  on  the  background  of  his/her  conceptions  (i.e. 
science  knowledge,  prejudices  etc.).  Research  of  students' 
conceptions  does,  therefore,  always  mean  construing 
constructions  of  constructions  (see  Marton,  1931).  Thus  it  is 
not  only  students'  science  knowledge  which  is  provisional  in 
nature,  but  also  the  researcher's  knowledge  of  this 
knowledge. 


6.  COKSBQUKMCES  FOR  SCIKNCB  TKACHIKG  AND  LSARNIKG 

The  following  chapter  sets  out  to  provide  some  insight  into 
the  many  and  varied  efforts  to  draw  conclusions  from  research 
findings  as  well  as  from  theoretical  positions  (i.e.  mostly  a 
constructivistic  point  of  view)  gained  by  analyzing  the 
research  findings. 

To  understand  the  different  efforts  appropriately  it  ^ay  help 
to  have  an  overview  of  conceptions  which  are  of  importance  in 
science  instruction.  Tab.  2  tries  to  provide  such  an  over- 
view. Some  additional  remarks  on  ..ab.  2  may  be  helpful. 
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Media  such  as  TEXTBOOKS  which  are 
used  \but  not  produced  by  the  teacher) 

(1)  conceptions  of  science  topics  (e.g. 
energy,  chemical  bonding,  particles, 
photosynthesis, ^  nutrition) 

(2)  conceptions  of  ti.e  nature  and  range 
of  science  (inipiicitly  or  explicitly 
embedded  in  the  media) 


STUDENT 

(1)  conceptions  of  science 
topics 

(2)  conceptions  of  the  na- 
ture and  range  of 
science 

(3)  conceptions  of  the 
purposes,  the  aims  of 
science  instruction 

(4)  conceptions  of  the 
purpose  of  specific 
teaching  events 

(5)  conceptions  of  the  na  - 
ture (     the  learning 
process 

(6)  attitudes  to  science, 
to  specific  topics  of 
science,  to  learning 
science,  to  the  science 
teacher,  to  being  in 
school,  to  learning  in 
general 


TEACHER 

(1)  concept ions  of  science 
topics 

(2)  conceptions  of  the  na- 
ture and  range  of 
science 

(3)  <^onceptions  A  the 
purposes,  tl    aims  of 
science  instMiction 

(4)  conce.)tions  of  the 
purpo-^e  of  specific 
teaching  events 

( - ^conceptions  of  the  na- 
ture of  the  learning 
process 

(6)atcitudes  to  science, 
to  specific  topics  of 
science,  to  being  a 
teacher,  to  the 
students 


Tab. 2:  "Variables"  of  a  constructivistic  view  of  science 
teaching  and  learning 
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to  (1):  We  know  from  many  studies  (see  tab.  1)  that  students' 
conceptions  very  often  are  not  in  accordance  vfith  science 
conceptions.  But  we  further  know  that  textbooks'  conceptions 
(see  e.g.  Nachtigall,  1986)  or  teachers'  conceptions  of 
science  topics  (see  e.g.  Ameh,  Gunstone,  1985)  are  als<-  not 
always  correct  seen  fjrom  the  science  point  of  view. 

to  (2):  These  conceptions  are,  so  to  speak.,  meta-concept ions 
of  what  science  is  about.  We  do  not  know  very  much  about 
students'  meta-conceptions  (see  chapter  3)  but  we  know  some- 
thing about  (sometimes  hidden)  philosophy  of  science  of 
textbooks  and  teach  rs  (see  e.g.  Korth,  Cornbleth,  1986). 

to  (3):  That  teachers'  aims  of  teaching  science  and  students' 
aims  of  learning  science  quite  often  do  not  accoid  is  an 
important  aspect.  But  so  far  we  know  very  little  about  it 
which  is  based  on  empirical  evidence  (for  some  findings  in 
this  direction  see  Gunstone,  Northfield,  1985). 

to  (4):  Tasker  and  Freyberg  (1985)  have  provided  us  w3th  some 
research  findings  on  the  different  views  of  teachers  and 
students  on  singJe  teaching  events  (e.g.  experiments). 
Teachers  usually  have  a  long  term  perspective,  for  them  a 
single  event  has  its  place  within  a  structured  sequence  of 
related  events.  Students'  quite  often  appear  to  miss  such  a 
long  term  perspective.  They  view,  for  instance    an  experimenc 
as  a  single  event  unrelated  to  others. 

to  (5):  The  constructivistic  view  as  outlined  in  chapter  5 
led  Bany  researchers  to  the  insight  that  views  of  the 
learning  process  is  of  decisive  importance,  teachers'  view  of 
students'  learning  and  students'  vie';s    f  their  own  learning 
(see  further  details  below). 

to  (6):  There  is  no  doubt  that  attitudes  influence  learning 
considerably.  There  is  a  great  deal  of  research  activity  on 
students'  attitudes  (for  a  review  see  Gardner,,  1985).  But  so 
far  there  appear  to  be  only  limited  efforts  to  bring 
together  research  findings  in  the  area  of  students'  attitudes 
and  students'  conceptions. 

Tab.  2  may  guide  further  considerations  and  further  research 
on  science  teaching  and  learning.  It  may  also  help  to 
appraise  the  following  kinds  of  consequences  which  have  been 
given  main  emphasis  so  far. 
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(A)  To  change  the  aiss  of  science  teaching 


There  has  b^en  a  continuous  discussion  of  the  aims  of  science 
insfuction  throughout  the  history  of  this  discipline.  There 
appears  to  be  a  neverending  switch  of  emphasis  on  different 
positions.  In  this  sense,  the  discussion  about  changi.^g  the 
aios  of  science  teaching  in  favour  of  "new"  ones  .nainly 
serves  to  remind  us  of  positions  which  are  given  only  little 
emphasis  in  our  scnools  today. 

It  IS  difficult  to  suooarize  the  different  proposals  to 
change  the  aims  of  science  teaching.  My  view  is  this:  An 
extreme  position  which  proposes  to  cancel  science  instruction 
(i.e.  to  let  students  stay  with  their  everyday  conceptions 
which  are  undoubtedly  of  value  in  most  everyday  situations) 
appears  to  have  almost  no  recommendations.  The  overwhelming 
majority  of  researchers  is  convinced  that  it  i"  indeed  of 
value  for  sfjdents  to  gain  science  conceptions  Claxton 
(1986)  IS  of  opinion  that  many  researchers  hoi:  positions 
which  ?re  not  very  far  from  the  traditional  aiir.s.  He  lists, 
for  instance,  implicit  assumptions  made  by  rese^>rchers  which 
are  more  or  less  traditional  ones.  Claxton  may  tj  right,  but 
only  to  a  certain  extent.  It  is  true,      chink,  that  most 
traditional  science  topics  will  also  be  part  of  the  "new" 
curriculum  on  the  grounds  of  the  f onstructivistic  view.  But 
there  will  be  considerable  changes  on  the  level  of  raeta- 
conceptions  (see  (2)  in  tab.  2),  i.e.  students'  conceptions 
of  what  science  is  auout.  A  "construct ivistic"  curriculum 
will  usually  aim  at  a  relational  view  of  science  conceptions. 
Quite  a  common  idea  appears  to  be  that  science  instruction 
has  to  convince  students  that  both  their  everyday  conceptions 
and  the  science  conceptions  are  conceptions  in  their  own 
right  which  ar*^  valid  in  specific  contexts  only. 
Recent  research  findings  have  pointed  out  that  students  have 
severe  problems  in  gaining  such  a  relational  view  of  science 
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conceptions.  There  is  a  strong  tendency  that  students  do  not 
want  to  "play  around"  with  different  conceptions,  they  want 
to  know  the  right  (the  true)  one  (see  Driver,  1986;,  Mitchell,, 
Baird,  1986). 

There  are  research  findings  in  the  area  of  "complementary 
thinking"  which  indicate  another  important  aspect  (Oser,, 
Reich,  1986).  The  ability  of  human  beings  to  appreciate  that 
complementary  "theories"  may  both  be  valid  appears  to  develop 
slowly.  The  majority  of  children  in  the  above-mentioned  study 
up  to  the  age  of  about  16  were  unable  to  admit  that  different 
points  of  view  can  be  "true"  at  the  same  time. 

The  research  findings  mentioned  need  further  confirmation. 
They  are  of  great  importance  for  all  constructivistic 
teaching  strategies  which  explicitly  discuss  differences 
between  students'  and  science  conceptions  in  the  classroom. 
If  students'  are  really  not  only  unwilling  but  also  unable  to 
mentally  "play  around"  with  different  conceptions  which  are 
valid  in  different  contexts,  constructivistic  approaches 
would  run  into  severe  troubles. 

(B)  To  change  the  content  structure  of  instruction 

As  has  been  mentioned  most  researchers  still  want  to  guide 
students  to  science  conceptions,  more  or  less  to  the 
traditional  ones.  It  is,  therefore,  an  obvious  decision  to 
change  the  setup  of  content  in  order  to  avoid  misunder- 
standings or  to  challenge  cv^ucaptions.  Many  proposals  for 
overcoming  learning  difficulties  are  of  this  kind.  Feher  and 
Rice  (1985),  for  instance,  challenge  the  conception  of  many 
children  that  a  shadow  "comes  out  of  the  body"  when  it  stands 
in  the  light  by  using  light  sources  which  produce  shadows 
which  are  not  similar  to  the  body  any  more  but  to  the 
structure  of  the  light  source.  Such  light  sources  have  not 
been  part  of  the  curriculum  so  far. 
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(C)  New  teaching  aids 


Of  course,  Ihere  is  some  hope  that  new  teachings  aids  Tiay 
help  tc  overcome  difficulties.  The  computer  is  particular 
seen  as  promising  (see  e.g.  Linn.,  1986,  Klopfer,  1986). 

(D)  To  change  teaching  strategies 

There  is  a  considerable  number  of  proposals  for  teaching 
strategies  to  guide  students  from  their  preconceptions  to 
science  conceptions.  Driver  and  Erickson  (1983)  have 
summarized  the  main  strategies  as  well  as  research  findings 
concerning  their  success.  This  review  mainly  appears  to  be 
valid  up  to  now.  The  conclusion  that  there  are  encouraging  as 
well  as  discouraging  findings.,  that  in  general  a  great 
"breakthrough"  is  not  in  sight,  appears  to  be  still  valid. 

The  strategies  aim  at  what  now  is  usually  call'^i  "conceptual 
change".  They  are  generally  rooted  in  construe" ivistic  frame- 
works. The  strategy  of  Posner  et  al.  (1982)  is  :juite 
paradigmatic  for  most  of  them.  It  is  rooted  in  information 
processing  theory  and  in  Kuhn's  (1970)  idea  of  paiadigm 
shift.  According  to  Posner  et  al.  (1982)  there  are  four 
conditions  for  conceptual  change: 

-  dissatisfaction  with  existing  ideas 

-  the  new  conception  must  be  intelligible 

-  the  new  conception  must  appear  initially  plausibl'^ 

-  the  new  conception  must  be  fruitful. 

The  first  and  the  last  condit?on  have  proven  to  be  the  most 
difficult  ones  for  students.  It  is  rather  difficult  to  create 
dissatisfaction  with  existing  idoas.  Students  are  very  often 
unable  and  unwilling  to  change  t  leir  conceptions  because  they 
are  quite  pleised  with  them  and  because  they  do  not  see 
clearly  enough  in  which  respects  the  new  conceptions  are  more 
fruitful  than  the  old  ones.  Indeed  science  conceptions  are 
quite  often  more  abstract  and  more  sophisticated  than 
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students'  conceptions.  That  they  are  m  some  way  more 
fruitful  is  understandable  only  for  ti^.ose  who  lcq  already 
very  familiar  with  the  science  point  of  view  (see.  e.g. 
Mitchell,  Baird,  1986;  Driver,  1986). 

Clark  (cited  in  Pope,  1985)  has  argued  against  strategies  of 
conceptual  change  that  they  are  usually  designed  from  the 
ultimate  result  of  teaching,,  namely  the  science  conception, 
and  not  from  the  needs  of  students. 
Another  problem  of  these  strategies  has  already  been 
mentioned  (see  (A)).  They  are  based  on  the  assumption  that 
students  are  able  to  admit  that  both  the  students' 
conceptions  and  the  science  conceptions  are  conceptions  in 
their  own  right,  i.e.  are  both  valid  although  in  different 
contexts.  Research  findings  appear  to  shake  this  assumption, 
especially  for  students  in  the  12  -  16  age-group. 

(E)  To  eaploy  strategies  of  aeta-learning 

As  pointed  out  in  the  remarks  on  tab.  2,  stude.us'  concept- 
ions of  then:  own  learning  process  are  of  great  importance. 
There  are  several  proposals  for  meta-learning,,  i.e.  for 
promoting  students'  insight  into  their  learning  processes  and 
enhancing  them  by  specific  strategies  (see  e.g.  Novak,  1985). 
Empirical  studies  on  the  impact  of  meta-learnir.g  strategies 
carried  out  by  Bair't  (1986)  and  Mitchell,  Baird  (1986)  have 
shown  that  there  is  some  success  of  such  strategies  but  that 
success  IS  considerably  limited  by     rtain  conditions  of 
learning  and  that  general  meta-learning  strategies  are  not  so 
helpful  as  strategies  accomodated  to  a  specific  content.  They 
further  report  that  students  view  such  strategies,  especially 
in  the  beginning,  as  rather  boriiig.  It  would  be  interesting 
to  have  more  studies  of  this  kind  in  order  to  reach  a 
conclusion  whether  meta-learning  strategies  really  help  to 
overcome  difficulties  in  learning  science. 
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(r)  To  teach  teachers  constructivistic  ideas 


Constructivistic  ideas  can  only  work  in  school  practice  if 
teachers  are  familiar  with  them  and  are  convinced  of  their 
value.  Gunstone,  Northfield  (1986)  report  on  experiences  to 
teach  a  constructivistic  view  of  learning  to  teachers.  Thev 
found  that  the  teachers  had  as  much  difficulties  to  proceed 
from  their  traditional  view  of  learning  to  a  constructivistic 
one  as  students  have  to  proceed  from  their  preconceptions  to 
science  conceptions.  Further  research  on  this  is  running  in 
Leeds  (s.  Driver,  1986).  Hopefully  other  research  will 
follow. 

This  chapter  set  out  to  provide  some  insight  in  proposals  for 
naking  science  instruction  more  fruitful  and  more  effective 
which  are  based  on  a  constructivistic  point  of  view  and  on 
research  of  students'  conceptions.  The  state  of  research  does 
not  allow  summarizing  conclusions.  Although  at  the  moment 
more  problems  have  been  revealed  than  consequences  success- 
fully drawn,  it  not  only  appears  to  be  promising  but 
absolutely  necessary  to  continue  research  m  this  area. 


7.  CONCLUDIHC  RKMARKS 

Research  in  the  area  of  students'  conceptions  started  some  10 
to  15  years  ago  nith  the  investigation  of  students' 
conceptions  in  several  science  topics.  It  was  deliberately 
reduced  mainly  to  this  cognitive  aspect  of  learning.  It  met 
interests  of  psychologists  involved  in  the  "cognitive  turn", 
i.e.  involved  in  cognitive  psychology,  vhen  research  get 
under  way  and  a  further  th-oretical  foundation  was  developed 
or  adopted,  it  became  clear  that  the  problem  of  learning 
science  cannot  be  reduced  to  this  starting  aspect.  As  the 
preceding  chapters  have  pointed  out,  we  have  now  returned  to 


the  w^jle  complexity  of  science  teaching  which  we  wanted  to 
reduce  at  the  outset.  This  is  a  great  challenge  to  research 
in  our  field.  On  the  one  hand,  taking  the  whole  complexity 
into  consideration  is  unavoidable,  but  on  the  other  hand, 
research  could  lose  its  bearings  in  the  labyrinth  of  this 
complexity. 

There  is  another  aspect  of  utmost  importance  for  research  in 
our  field.  So  far  there  have  only  been  rather  limited 
attempts  to  carry  our  state  of  knowledge  (i.e.  our  knowledge 
of  students'  conceptions  in  different  areas  of  science  as 
well  as  our  teaching  proposals)  to  the  teachers.  Considerable 
emphasis  should  be  given  such  attempts.  But  their  is  a 
remarkable  problem.  Almost  no  empirical  studies  are  available 
on  the  needs  a  teacher  really  feels.  Ve  do  not  know,  for 
instance,  whether  teachers  are  already  aware  of  the  learning 
difficulties  our  research  has  revealed  or  whether  we  have  to 
make  them  aware  of  it.  Here  too,  research  voul i  be  helpful. 
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ERIC 


PHILOSOPHY  OF  SCIENCE  IN  TEACHER  EDUCATION 


Martin  Eger 
CUNY,   College  of  Staten  Island 


The  philosophical  preconceptions  held  by  science 
teachers  have  aroused  greater  interest  recently.^ 
I  can  certainly  confirm  that  such  preconceptions  do 
exist,   and  that  epi stemol ogi cal 1 y  they  are,  in 
general,  of  an  empiricist  nature.     But  there  is 
more.     Although  my  purpose  here  is  not  to  offer 
statistical  data,   it  may  be  useful   to  preface  the 
main  subject  of  this  paper  by  indicating  briefly 
the  general  character  of  these  preconceptions  as 
they  appear  to  me  in  the  course  of  teaching 
philosophy  of  science  to  groups  of   in-service,  high 
school   science  teachers  in  New  York  City. 

Epi stemological  empiricism  surfaces  often  m  such 
remarks  as  this:   "I  believed  that  anything  stated 
in  a  science  te>;t  was  a  fact  unless  otherwise 
identified....  Theories  had  been  taught  to  me  as 
fact  throughout  high  school,   college,  and  graduate 
school."     However,   many  teachers  also  evince  a 
thoroughgoing  ontological  realism  of  two  different 
kinds  —  in  regard  to  concepts  and  in  regard  to 
laws.     That  is,   such  constructs  as  inertial  mass 
are  assumed  to  be  pre-existing  and  discovered; 
while  in  regard  to  laws,  one  often  finds  that  these 
also  are  taken  as  pre-existing,   discovered,  and 
absolute.     Thus,  another  teacher  was  very  sceptical 
that  "continuous  creation  of  matter"   (as  it  appears 
in  "steady-state"  cosmology)   could  possibly  have 
been  proposed  by  iegititnate  scientists,   even  if  the 
amount  "created"  was  below  the  threshold  of 
detection.     "It  violates  conservation  of  energy," 
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she  insisted.   When  it  was  pointed  out  that  big  bang 
theories  are  based  on  a  similar,   perhaps  more 
drastic  notion,   this  teacher  confessed  that, 
indeed,   she  had  always  had  trouble  understanding 
the  big  bang  for  the  same  reason  —  which  just 
shews  that  conservation  may  be  even  more  difficult 
to  unlearn  than  it  is  to  learn. 

Of  course,  among  philosophers  of  science,  realism 
(of  a  certain  kind)   is  today  a  most  praiseworthy 
stance;   and  I  do  not  mention  it  here  as  a  fault. 
Mhat   I  wish  to  highlight  is  the  unlimited  and 
unreflected  way  in  which  it  is  often  held  by 
teachers  —  certainly  without  awareness  of 
€il  ternati  ves  or  of  the  problems  to  which  it  may 
lead.     Moreover,   the  viewpoints  I  have  just 
described  suggest  that  such  preconceptions  are  not 
the  result  of  any  sort  of  consistent,  though 
perhaps  outdated,  philosophy.     What  I  see  instead 
IS  an  odd  assortment  of  fragments:   snatches  of 
empiricism,   isolated  (D§^^t2t2y§L£§l.  principles,  and 
generalizations  representing  varying  degrees  of 
"construction"  —  all   taken  as  fact,   and  held  as 
cor e-ucprepts  that  exert  influence  on  newly 
encountered  knowledge.     More  systematic  studies  of 
all   this  would,    I  think,  be  very  welcome  at  this 
point.  ^ 

My  object  in  this  paper  is  two-fold:   first  to 
I nd  1  cate  what   I  bel  i eve  is  an  i mpor Cant  con 1 1 qui^qq 
reason  for  this  problem  of  incoherent  preconcep- 
tions;  and  then  to  outline  one  way,   the  way  I  have 
used,  of  confronting  the  problem  through  formal 
Course-work  with  teachers. 

Concerning  the  first  point,   e»nd  putting  the 
conclusion  before  the  evi dence,    I  suggest  that  a 
major  source  of  the  teachers'   and  the  public's 
"misunderstanding"  of.  science  is  9y!l§§i}ii§§5  that 
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IS.   scientists,  textbook  writers,  popul ar x ser s, 
teachers  of  students,   and  teachers  of  teachers 

in  short,  most  of  the  academic  communitv-  This 
thought  wiU  not  be  shocking  to  those  worf-ing  in 
the  area  of  misconceptions,   and  so  I  will  not 
belabor   it.     But  to  make  sure  we  have  before  us  a 
vivid  image  of  what  actually  takes  place  today  in 
the  realm  of  phi 1 osophi cal ~sci enti f i c  edUK  cion, 
let  me  give  one  especially  worthwhile  example.  It 
IS  taken  from  writings  that  are  deliberate  attempts 
to  e>,plain  to  the  educated  public  what  scierce  is 
like,   among  the  best  received  such  writings  in  our 
time,   and  the  worJ    of  a  well-known  and  acclaimed 
scientist  —  Stephen  J.  Gould. 

I   quote  first  from  a  widely  reprinted  essay 
called  "E    jlution  as  Fact  and  Theory": 
Facts  are  the  world's  data. 
Theories  are  structures  of  ideas 
that  explain  and  interpret  facts. 
Facts  oo  not  go  awav  while 
scientists  debate  rival   theories  for 
expl«?ining  them.     Einstein's  theory  of 
gravitation  replaced  Newton's  but 
apples  did  not  suspend  themselves 

in  mid-air  pendin  ,  the  outcome  

In  science  "fact"  can  only  mean 
•confirmed  to  such  a  degree  that  it 
would  be  perverse  to  withold  provisional 
consent. "^ 

Notice  how  thoroughly  empiricist  this  is   (as  is 
the  rest  of  this  essay).     Facts  are  first  of  all 
observational   data,    like  falling  apples.  Later 
Gould  includes  also  what  he  calls  "confirmed" 
inferences  -from  direct  observation;  but  neither  th'- 
observations  nor  the  inference?  are  dependent  on 
theory  in  any  way.     And  so,   we  are  told  further  on, 
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the  inferences  are  "no  less  secure"  than  direct 

observation. 

But  now  let  me  take  an  excerpt  from  another 

essay  of  Gould's,^  which  actually  appeared  earlier; 

it  IS  titled   "Validation  of  Continental  Drift": 
I  remember  the  a  prion   derision  of 
my  distinguished  ctratigraphy 
professor  toward  o  visiting 
Australian  drifttr.     He  nearly 
orchestrated  a  c.'iorus  of  Bronx 
cheers  from  a  sycophantic  crowd  of 

loyal   students   To^ay,   just  ten 

years  later,  my  own  students  would 
dismiss  with  even  more  derision 
anyone  who  der.ied  the  evident  trutn 
of  continental   drift... _  During  the 
period  of  nearly  universal 
r e J  ec 1 1  on ,   di r ec t  evi uence  f  or 
continental  drift  —  that  is,  the 
data  gathered  from  rocks  exposed  on 
our  continents  —  was  every  b  t  as 
good  as  it   is  today.      It  was 
dl^mi^ssed  because  no  on^  had 
devised  a  mechanism  that  would 
permit  continents  tt        iw  through 
an  apparently  solid  oceanic  floor. 
In  the  absence  of  a  plausible 
mechanism,    the  idea  of  contine'^tal 
drift  was  rejectt^d  as  absurd.  The 
data  that  seemed  to  support  i t 
could  always  be  exgl ai ned^away 
(emphasis  added). 
Continuing  the  story,   Gould  tells  us  that  with 
some  new  data  and  a  heavy  dose  of  "creative 
imagination,"  we  have  now  fashioned  a  new  theory  of 
planetary  dynami cs: 
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Under  this  theory  of  plate 
tectonics^   continental  drift  is  an 
inescapable  consequence.  Ihe_gid 
^§ta_f rom_continentai  CQ£fc§x_5^Q£e 
§9yQdiy--CejLectedj^_haye_been_exhurned 
§Ddl-?ii§It?d_«s_cgnc  l,usi^ye_Brgof  _gf 
dri_ft^     In  short,  we  now  accept 
continental  drift  because  it  is  the 
(?>;pectati on  of   a  new  orthodo;:y 
(e.Tiphasis  added). 
The  rest  of  the  article  describes  some  of  this 
data  that  wa?  previously  rejected  but  later  exhumed 
and  reinterpreted.     Finally,   toward  the  end,  Gould 
spells  out  the  lesson:    "The  new  orthodoxy  cgl^grs 
9yC-yi^i9Q_Qi_^ii«data£_there_are_P5_2Byre_f act 

i_n_gur  cqmeiex^wgr l^d    (emphasis  added)." 

In  V   >wing  these  two  essays  side  by  side,  we 
ought  to  note  the  element  of  cgnsi_stency  as  well  as 
the  obvious  divergence  oT  meaning.     In  both  cases 
the  "facts"  did  not  "go  away."     But,    it  turns  out, 
there  are  different  senses  of  the  phrase  "to  co 
away."     In  the  first  essay,   Goul d-the-posi t i vi st 
drives  home  the  major  point  about  the  Qivenness  of 
facts,    '*^eir  rootedness  in  the  nature  of  things,  by 
pointinc      -lumphantiy  to  the  unimpeachable 
assertion     lat  no  one  has  yet  seen  an  apple  fall  up 
from  a  tre         In  the  second  essay,  Gould-the- 
Kuhnian  shows  by  means  of  some  dramatic  recent 
history  precisely  hQw*         ^  different  sense,  facts 
can  indeed  "go  away"  —  not  by  nature  changing  its 
ways,   not  necessarily  by  the  discovery  of  error  in 
the  process  of  observation,  but  also  when  facts  are 
"explained  away",   or  ignored,   or  simply  "riismi<5sed" 
as  not  sufficiently  significant. 

Mhen  writing  about  evolution,   Gould  is  what 
alary  Putnam  calls  an   "externalist"  —  facts  are 
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external   to  theory.     But  in  regard  to  cont i nental 
drift,  he  is  an  "internalist"  —  the  facts,    if  not 
completely  constituted  by  theory  are,    in  a  way, 
£9§^§^         the  theory,   and  given  their  meaning  and 
significance  by  theory.     My  point  here  is  not  that 
Gould  has  to  be  wrong  somewhere   (though  I  will 
return  to  this  matter)   but  that,    like  many  other 
scientists,   on  philosophical    questions  he  is  just 
plain  careless;    and  carelessness  of  this  sort,  even 
when  practiced  with  a  most  engaging  style,   can  only 
leave  confusion  in  its  wake  —  LClcgherence.  This 
example,    I  thin> ,   when  taken  with  much  other 
evidence  of  the  same  sort,  tends  to  place  in  a 
different  light  the  oft-repeated  complaint  about 
the  publ 1 c ' s  "mi  sunder standi ng"  of  sci ence.  At 
least  in  regard  to  such  things  as   "fact"  and 
"theory, "  or  comprehension  of  structures  of  ideas 
as  wholes,  or  the  capacity  to  gauge  meaning,    it  is 
probably  as  much  a  problem  of  (Dis teaching  as 
misunderstanding. 

But  why  the  m*  steachi  ng'^     Well,    as  we  know, 
scientists  normally  feel   that  the  ground  they  stand 
on  1 s  their  professional,   technical  achievement, 
not  th'^i  r  more  general  ,   phi  1  osophi  cal  com- 
ments.    What  we  see  here  is  the  divergence  of  two 
different  interests:     The  interest  of  education, 
even   in  science,    is  not  entirely  the  same  as  the 
interbrt  of   the  associated  professional  community 
or  the  discipline.     The  inte-est  of  the  discipline 
may  at  times  countenance  nov  just  philosophical 
car  ♦lessness  but  even  a  degree  of  philosophical 
QBBeCtynism.     On  the  other  hand,    the  interest  of 
education  includes   (as  we  often  say)   conveying  a 
coherent  pi cture  of  what  sri ence  is  like.      If  this 
IS  accepted,   then  serious  attention  to  philosophy 
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of  science  becomes,   for  ail    levels  of  teaching, 
an  obvious  desideratum. 

Assuming  thic  much  as  a  goal,    i  now  shift 
abruptly  to  the  second  task  of   this  paper  —  the 
description  of  an  implementation  designed  for 
in-service  teachers,   that  base!    itself   on  the 
primacy  of  the  historical   viewpoint  over  the 
analytical.     I  take  the  scientific-philosophical 
education  of   the  teacher  ^§_§n_end_i n^i^tsel  f  , 
without  regard  to  how  that  education  may  be  used  m 
the  teacher's  own  wor^ .      In  defense  ot   this,  1 
offer  two  considerations:    1)    that  the  teacher  corps 
m  an  open  society  is,   tro.-n  an  intellectual  point 
of  view,   a  significant  sector  of  that  society, 
whose  opinions  on  science  and  culture  pr-e  important 
i§-§y£tl'  not  merely  as  means  toward  more 

successful   teaching  of  subjects;   2)   that  even  when 
our  aim  is  to  use  philosophy  of   science  to  improve 
the  teaching  of   science  itself,    it  xs  still 
undesirable,    if  not  inconceivable,   that  teachers 
employ  and  transmit  the  insights  of  scnoiarship 
without  themselves  consciously  absorbing  these  very 
insights.     Therefore,    in  what  follows,    I  make  no 
suggestion  that  the  method  described,   or  any  part 
of  It,   can  be  directly  applied  by  teachers  m  their 
own  classrooms. 

The  approach  is  based  on  the  following  features: 

1)  «  graphical  scheme  representing  the 
structure  of  scientific  fields  —  an 
adaptation  of  William  Whewell's  "induction 
tables"  —  applicable   (withm  limits) 
regardless  of  specific  philosophy. 

2)  Discussion  of  particular  scientific 
theories,  including  their  technical 
aspects. 
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3)  Application  to  scientific  or  social  or 
educati  onal   cgntrgver  si^es^ 
While  the  last  two  features  are  by  no  means 
secondary,   the  remaining  discussion  is  devoted 
mainly  to  the  first  —  because  much  of  what  I  want 
to  say  about  the  other  two  can  be  said  in  that 
context,   along  the  way.     And  toward  the  end,    I  will 
return  to  the  more  c^eneral  implications. 


I. 


It 

O 


Theory 


71071^  obser}/(xhLes 


Indtictfoti 


fig.  1, 
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We  start  with  a  very  unsophisticated  "3-tier" 
diagram  oi  a  scAenti-fic  -fi-ald  or  sub-'field 
<iic.    1).     Althounh  we  know  that  the  distinction 
between  empirical     nd  theoretical    laws  is  not  sharp 
or  universally  recognized,  and  neither  is  the 
separation  oi   "observabl es"  from  "non-observables, " 
nevertheless,   in  the  educational  context  I  regard 
such  objections  as  o-f   second  order.     For  those  who 
think  this  so  oversimplified  that  it  has  little 
value,   let  us  recall   first  that  the  basic  terminol- 
ogy of  the  scheme  is  widely  Msed  in  science 
te>:tbGoks  on  the  college  level,   and  that  this 
specific  hierarchy  has  been  implicit  in  the 
writings  of  philosophers  from  William  Whewell  to 
Nagel.^     So  it  is  something  relatively  familiar. 
Second,  precisely  because  it  is  crude,    it  is  not 
this  picture  that  occasions  major  differences 
between  the  modern  philosophies;   we  can  use  it  in 
discussing  positions  that  range  from  extreme 
empiricism  to  at  least  a  moderate  constructivism. 
Third,   and  most  important,  we  only  begi^n  with  this 
diagram.     Later,   other  features  are  added,   ^nd  it 
does,   <^f  course,  get  more  complex. 

I  have  found  that  even  thx s  crude  scheme,  when 
thoroughly  discussed  and  illustrated,  already 
introduces  an  important  change  into  people's  views. 
For  many,   it  alters  the  landscape  of  science  from 
on^  of   flatness   —  all   real  science  is  fact  —  or 
'•^om  a  hierarchy  based  only  on  degree  of  confirma- 
tion —  fact,   theory,   hypothesis,   speculation  — 
to  one  where  there  is  some  depth   (in  several  di men- 
si  ons)  . 

However,   the  only  way  to  really  teach  this 
IS  to  move  quickly  to  a  number  of  well-known 
exemplars:      In  physical  chemistry,   with  Boyle's  law 
at  the  middlr   level,   the  kinetic  theory  is  high 
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level.      In  cosmology,   with  Nubble's  law  in  the 
middle,   the  big  bang  theory  is  at  the  top    <fig.  2). 
In  mechani cs,    i f  Kepi er ' s  el  1 1 pses  and  Gal 1 1 eo ' s 
law  of   failing  bodies  are  at  the  intermediate 
level,   Newtonian  theory,   at  the  apex,   unifies  these 
two  disciplines,   as  the  textbooks  say   (fig.  3). 


8oijIe*s  law 


6»5  B«Ti3 
Theory 


Hubhle  Laic 


fig. 


r^iny  features  of  science  can  now  be  discussed  by 
re-ference  to  these  diagrams,   with  suitable 
illustrations  from  the  exemolar  cases.     The  iQwer 
upward  arrow  often,   but  not  always,   stands  for 
relatively  unproblematic  iriduction  —  like  extrapo- 
lation and  interpolation.     The  movement  of 
hi stor 1 cal   devel opment  i s  general ly    (but  not 
a 1  ways)   upward .     The  di recti  on  of  expl anati on,  and 
deduction,   is  typically  downward.     And  a  major 
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dif  erence  bet. -sen  the  higher   levels  and  the  realm 
of  merely  eripirical   iawG  is  that  the  former 
characteristically  introduce  concepts,  and 
processes,   that  are  not  directly  observable, 
sometimes  even  in  principle  unobservsble     —  thougn 
it  should  be  noted  that  Nagel ,    for  example, 
declined  to  make  this  the  demarcation  criterion 
between  experimental  and  theoretical  laws. 


fig.  3 


Obviously  It   IS  possible  to  draw  such  diagrams 
for  segments  of  optics,   geology,  el ectromagneti sm, 
and  many  other  fields.     And  in  doing  so  one  is  led 
to  deal  with  scientific  (disciplines  wholesale,  and 
in  a  comparative  way  ~  often  a  new  and  dizzy 
eKperience  for  those  narrowly  trained.     This,  of 
course,  cannot  be  done  without  assuming,  or 
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imparting  to  the  students,   a  certain  amount  of 
^'nowledge,   including  historical   knowledge,   of  s  Jme 
of  these  fields.    It  is  at  this  point  that  my  second 
feature  ~  dealing  with  science  itself  —  comes  in, 
and  does  indeed  take  up  at  least  507.  of  the  time. 

nne  benefit   is  that  students  of  certain  sciences, 
ii?<e  biDlogy,   where  the  distinction  between 
empirical   and  theoretical    law  is  not  cfven  so 
clear,   have  a  chance  to  refocus  on  a  field  like 
physics,   where  it  is  'ar  more  prominent.     Hugh  Helm 
has  pointed  out  that  /r^any  beginning  students  do  not 
recognize  the  difference  between  definitional,  or 
tautological,    laws  and  laws  of  nature. 5     To  this  I 
can  add  that  many  high  school   science  teachers  do 
not  recognize  even  obvious  differences  between 
experimental   and  theoretical    laws,   or  between 
induction  and  deduction,   and  have  trouble  with 
other  distinctions  of  the  more  abstract  kind.  This 
simply  tells  us  that  misconception  or  preconcep- 
tion,  whose  origin  may  sometimes  be  profound,  are 
mixed  also  with  plain  ignorance,   especially  in 
regard  to  general   cor repts  concerning  science  as  a 
structure  ot  ideas. 

But  now  the  point:     After  some  work  with  the 
three-tier  diagrams,   most  students  begin  to  see 
that  the  situation  cannot  be  as  simple  as  that. 
Should  Boyle's  Law  and  Keplerian  orbits  really  be 
at  the  same  level?     The  former  seems  to  fit  well 
the  Baconian  prescription  ~  collect  data,  and 
discover  pattens.     But  it   is  surely  debatable 
whether   "seeing"  the  elliptical   orbit  in  the  data 
of  planetary  positions  is  at  all   in  the  same 
category.      In  fact,   this  was  the  subject  of  the 
famous  19th  century  debate  between  William  Whewel 1 
^nd  John  Stuart  Mill,   with  Whewel 1   arguing  for  what 
we  now  call   the  more  construct i vi st  position. 
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Historically  speaking,    there  were  real   choices  in 
moving  -from  the  ground  of  observation  to  what,  from 
our  present  vantage  point,    is  the  intermediate 
levels   and  to,    this,   a  separate  '^-tier  diagram  can 
be  drawn.     With  diurnal  motions,  planetary 
positions,   etc.,   at  the  bottom  level,    there  were 
three  different  candidates  at  the  highest  level: 
the  Ftoiemaic  system,   the  heliocentric,   and  Tycho 
Brahe's  compromise  system.     Between  observations 
and  the  major  "world  systems,"  we  would  place  «he 
empirical  generalizations  accepted  at  the  time  — 
majcimum  elongations  of   the  inner  planets,  the 
retrograde  motions,    etc.     From  this  point  of  view, 
and  our  present  hindsight,   all   candidate  v^tems 
are  imaginative  constructs.     Therefore,   the  first 
change  in  the  "unsophi  st  i  c-'*  ted "  diagram  is  to  allow 
for  bands,   or  many  levels,    instead  of   just  three 
tiers   (fig.    4).     Elliptical   orbits  and  Boyle's  Law 
might  still  be  somewhere  in  the  middle  b^nd,  but 
with  the  former  higher  than  the  latter. 

The  need  for  other  kinds  of  corrections,  or 
refinements,    is  even  more  glaring.     The  ground 
level   of   the  cosmology  diagram  contains  sucn 
"observations"  as  distances  and  speeds  of  galaxies. 
But  since  these  are  not  in  fact  directly  observed 

another  pot    c  calling  for  scientific  discussion 
prior  to  the  p     losophical  —  some  structure  must 
be  introduced  here  as  well,    to  account  for 
^§£hQC9yQd_ttlg9Cl§§-     ^rid  so,   depending  on  how  far 
one  fishes  to  probe,   the  diagrams  can  indeed  become 
very  cluttered.     The  heuristic  point  to  all   this  is 
not  so  much  m  "getting  it  right"  —  although, 
within  bounds,   that  must  of  course  be  the  goal  — 
but  in  the  discussions  one  is  forced  to  go  through 
m  deciding  where  to  place  a  particular  element. 
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fig.  4 

We  have  to  consider  what  its  relation  is  to  other 
elements,   what  sort  of   concepts  it  involves,  which 
IS  the  direction  of  deduction,   what  its  historical 
de^^elopment  was,   and  so  on.     Clearly  this  is  an 
§>l§C£l§§j   ^  £Cltl£§i  exercise  —  an  exercise  in  a 
particular  kind  of  concept  mapping,   which  shares 
therefore  many  of  the  virtues  and  shortcomings  that 
are  already  known  in  regard  to  such  exercises.^ 
But  in  con**rast  to  some  other  kinds  of  mapping,  the 
basic  format  and  principles  here  are  clearly  laid 


34  4 


170 

down  at  the  start,  and  are  taken  from  the  histori- 
uo-phi losophical  disciplines  relating  to  science. 
It  should  therefore  be  no  surprise  that  such 
diagrams  are  a  very  old  thing;   in  a  somewhat 
different  form,  William  Whewell  called  them 
"induction  tables."     He  drew  up  large,  complicated 
ones,    paying  particular  attention  to  history,  and 
tooJ    them  very  seriously  not  only  as  a  means  of 
yodecstanding  science,   but  even  as  a  way  to  — 
"truth. 

Let  me  turn  now  to  philosophies  as  such.  The 
diagrams  certainly  do  not  depict  everything;  we 
cannot,  for  example.,   show  any  difference  between 
realisjt  and  instrumentalist  viewpoints  (usually 
discussed  in  such  a  course),   for  that  would  require 
some  portion  of  the  diagram  to  refer  to  "reality" 

and  locating  "reality"  on  this  plane  is  not 
easy.     But  let  me  point  out  those  things  the 
diagrams  can  do.     It  may  seem  at  first  that  the 
very  structure  of  this  scheme  —  everything 
proceeding  from  the  "ground"  of  experience,   and  the 
resemblance  to  Whewel 1 ' s  thinking  —  already  has 
built  into  It  a  phi  1 osophi ca'    bias.     Perhaps,  but 
if   so,    the  bias  can  be  overcome.     We  do  start  with 
a  number  of  variants  of  positivism   (which,   by  the 
way,   IS  certainly  not  dead);   but  then  we  go  on  to 
the  Popperian  viewpoint,   and  to  the  Kuhnian  version 
of  what   IS  now  callec^   "the  new  philosophy  of 
SCI  ence.  " 

The  typical   positivist  concern,   simply  put,  was 
to  verify,   or  make  secure,   the  valid  inductions 
represented  by  the  upward  trend  in  these  diagrams, 
and  to  screpn  out  those  inductions  which  could  not 
be  so  secured.     Whewell 's  way  of  doing  that  ~  what 
he  called  the  "consilience  cf   inductions"    (and  what 
we  miyht  call  convergence)   was  simply  that  the_mc»"e 
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upward  arrows  converging  on  the  same  high  ^evel 
theory,   the  better.     So  if  to  the  two  inductions  oi 
fig.   3  we  add  orbits  of  comets,   satellite  orbits 
around  Jupiter,   tides,   the  oblatene^s  of  the  earth, 
and  much  more,  we  then  have  the  paradigmatic  case 
of  consilience   (fig.   5).     And  on  a  diagram  such 
converging  arrows  do  look  impressive. 2 


A/ewtotiiavi  Theory 


fig.  5 


An  alternative  method  was  to  concentrate  on 
quality  rather  than  quantity.     Thu=s,   the  approach 
of   positivism  in  our  century  was  to  examine 
meticulously  eacn  upward  arrow  and  develop. 
Whenever  possible,   special  procedures  to  make  that 
arrow  more  5-lid,  more  reliable.     Examples  of  this 
would  be  operationalisn.,   the  quest  for  a  pure 
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observation  language,   and  so  on.     On  a  diagram,  we 
might  just  draw  a  thicker  arrow  to  indicate 
security. 

Finally,  among  the  positivists  we  had  also  the 
famous  radical  branch  which  included  Ernst  Mach. 
For  them  the  problem  was  that  regardless  of  the 
number  of  arrows,   or  how  secure  they  are,  high 
lev^l   theory  usually  contains  construe ted^cgncegts 
not  accessible  to  direct  measurement  —  which  might 
well   be  fictions.     Their  told  solution,   doing  away 
with  high  level   theories,   or  at  least  some  of  them, 
me*.   ^  th«:t  the  top  tier  is  simply  crossed  off. 

When  ^e  get  to  Karl   Popper  the  discussion  becomes 
particularly  interesting.     On  the  one  hand.  Popper 
liked  to  emphasize  his  difference  f»'om  the 
positivism  of  his  time,  but  on  the  other,  some 
philosophers  na /e  continued  to  include  him  within 
that  general   designation.     Let  us  see  how,   on  these 
diagrams,   both  the  differences  and  the  similarities 
appear . 

The  main  distinction,   of  which  he  is  so  proud, 
consists  in  the  now-famous  char^cter i zati on  of  the 
upper  arrow  as  a  "con j ectur*^ ,  "  a  guess.  Inspired 
by  Einstein,   and  the  difficulties  i nhe     it  in 
contemporary  versions  cf  the  positivist  program. 
Popper  concluded  that   "induction  is  a  r^yth."*^  Ont 
way  c?  indicating  this  graphically  is  to  replace 
the  solid  arrow  by  a  broken    (dashed)  arrow 
—  £9Qj.ecture  replaces  inference^ 

But  Popper's  resemblance  to  positivism  can  be  seen 
in  his   jartial  return  to  the  consilience  of 
inductions.     Quality  and  quantity  are  both 
emphasized  by  him,   couched  in  new  terminology  and  a 
different  interpretation,   and  presented  as  an 
improved  version  of  the  hypotheti co-deducti ve 
method:     The  conjecture  must  give  rise  to  "interest- 
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ing,"   "risky,"  or  "improbable"  deductions  —  denoti 
this  by  wignly  lines  to  the  lower  levels  —  which, 
£9CC9^9!l§£§dj   yield  what  in  the  older  language 
would  have  been  inductive  support.     The  risky 
deduction,   whenever  successrul,   elicits  a  sol 
upward  arrow     which  is  no  longer  just  a  conjecture 
(fig.  6). 


The  resulting  picture  looks  vfcry  much 
like  the  old  consilience,  with  the  following 
changes:     First,   the  new  analysis  relies  much  more 
on  corroborations  after  the  initial  conjecture 
than  on  the  historical  path  —  we  call  this  the 
dominance  oi  the  context  oi  justification  over  the 
context  of  discovery  —  ana  second,   the  corrobora- 
tions that  really  count  must  be  of  a  certain  kind. 

It  IS  important  to  emphasize  at  this  point  that 
such  a  use  of  diagrams,    in  themselves,   or  as  part 
of  a  purely  analytical   discussion,  would  only  add 
to  fpysti  f  ication.     Although  there  may  be  other 
influences,   the  various  philosophies  are  strongly 
related  to  events  in  science  itself.  Twentieth 
century  positivism  cannot  be  understood  without 
some  idea  of  the  rise  —  in  the  late  17th  and  early 
20th  century  —  of  new  sciences  and  concepts 
outside  the  Newtonian  framework,   and  of  the 
resulting  collapse   (as  ultimate  explanation)   of  the 
best-corroborated  high  level   theory  in  all  history. 
Nor  can  current  Popper i an  and  Kuhnian  themes  really 
be  understood  except  as  a  response  to  the  20tn 
century  revolution  in  physics.     For  this  reason,  a 
historical  account  of  scientific  change,  utilizing 
the  more  recent  Morks  in  this  area, is,  1 
believe,   the  best  way  to  attempt  this  sort  of 
teaching  with  any  group  of  people  who,   for  the  most 
part,   are  not  philosophically  inclined. 

As  a  final    illustration  of   the  u«^e  of  this 
o\agrams,  consider  now  Kuhn's  well   known  reaction 
to  boti,  positivism  and  the  Popperian  viewpoint. 
Graphically,    this  is     noicated  by  a  sGries  of 
thick,    looping  arrows  downward  from  the  higher 
levels   (fig,   7).     These  represent  not  only  the 
"Iheory-Iadenness"  of  observation,  out  also  the 
effect  of  th-=»ory  on  methods,   Of  standards,  on 
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problem  choices,   etc.      It  is  important  to  distin- 
guish sharply  these  downward  arrows  from  ^ny  kind 
of  deductive  inference  in  the  hypotheti co-deduc ti ve 
procedure.    (Here  a  degree  of  graphical  consistency 
IS  called  for.)     Deductions  Isad  typically  to 
particular  testable  observations,   which  either  pass 
or  do  not  pass  the  test.     To  distinguish  these 
verbally  from  the  Kuhnian  feedback  loops,    I  use  for 
the  latter  the  term  "reverse  induction"  or 
••downward  induction."     in  this  way,    I  mean  to 
highlight  the  general  ..zing  nature  of  such  feedback. 


Ohservafln 


OhsttV^lioti 


fig.  7 
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Consider  Gould's  example.     Before  plate  tecton- 
ics, Q9_9bseryati_on  could  «?tipport  continental  drift 
because  such  drift  was  "Known"  to  be  impossible. 
That  IS  a  very  general  kind  of  downward  inference 
concerning  evidence-     One  result  of  the  success  of 
the  special  theory  of  relativity  was  to  legitimate 
operati onal 1 sm  in  quantum  theory.     That  is  a  very 
general   influence  on  BCgcedures  in  research.  And, 
of  course,   the  hypothet i co-deducti ve  method  itself 
acquired  its  articulated  and  acknowledged  status 
larg€.ly  as  a  result  of  the  success  of  Newtonian 
theory- 

The  new  picture  —  which,   as  a  whole,   can  be  callei 
a  Kuhnian   "paradigm"  —  now  h^s  the  kind  of  look 
that  does  seem  to  reflect  our  verbal  descriptions. 
The  feedback  loops  make  it  more  dialectical,  more 
self-contained,   and  more  like  what  we  today  call 
con^Lr ucti VI  St .     Naturally,    this  does  not  take  the 
place  of  reading  Einstein,  Bridgman,   Nagel ,  Popper, 
Kuhn,   Toulmin,   and  u-htfrs;   in  the  end,   the  diagrams 
must  become  merely  s/mbolic  or  mnemonic  aids. 

However,   in  regard  to  the  value  of  using 
alternative  philosophies  of  science,    I  should  like 
\  o  make  one  comment  a  propos  of  a  paper  by  Joseph 
Nussbaum.^^     He  pointed  out,    in  the  context_of 
research  on  students'   conceptual   change,    that  there 
are  significant  differences  between  the  post- 
Kuhnian  philosophies,   and  that  the*  ^»  differences 
must  be  taken  into  account.     Everything  I  have  said 
so  far  surely  supports  the  value  of  attention  to 
philosophical  differences  and  alternatives;  but 
when  it  comes  to  teaching  itself    (as  distinguished 
from  research)    I  should  like  here  to  raise  a  flag 
of  caution.      I  am  sceptical   that  such  differences 
a£  exi&t,   for  example  between  Kuhn  and  Lakatos,  can 
prtovide  any  fruitful    lessons.     After  much  discus- 
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31  on ,  Kuhn  thought  that  "Lakatos'   posi 1 1 on  is  now 
very  close  to  my  own."^^    And  Feyerabend  called 
Lakatos"  philosophy  an   "anarchism  ir  disguise. "^^ 
Even  the  protagonists  do  not  agree  on  many  of  their 
differences.     My  experience  has  been  that  it  is  a 
very  demanding  task  just  to  conve/  clearly  the 
significance  of  the  di  s^^  i  ncti  ons  between  the  mai_n 
branches  —  that  is,  classic  positivism.  Popper, 
Kuhnian  constructivism,   and  the  ontological  schools 
—  even  when  the  students  are  mature  adults, 
teachers  of  science,   diligently  tryirig  to  in.prove 
their  grasp  of  the  issues.     For  that  rtsason  I 
prefer  to  tat e  one  or  two  representatives  of  each 
school,    keep  the  diagra.Tis  as  si.^nple  as  possible, 
and  concentrate  on  the  relation  between  the 
phi  losop.iy  and  sci  ence  i  tself  . 

But  a  fair  question  to  ask  at  this  point  is  what 
sort  of  results  are  we  to  e>:pect  from  such  studies, 
beyond  the  general  feeling  that  the  widening  of 
horizons  is  good  for  everyone.      In  partial  reply, 
let  me  return  to  Gould's  writings  and  to  the  role 
of  controversies  in  this  approach. 

In  the  essay,    "Evolution  as  T-act  and  Theory," 
Gould's  aim  is  to  convince  readers  that  evolution 
IS  both  fact  and  theory,  and  that  those  who  now 
emphasi ze  the  word  "theory"  are  i mp roper  I y , 
deviously       tempting  to  cast  doubt.  Gould"s 
response*.       d  that  of  many  others,    is  to  separate 
the  basi_       _9B9siti^on   (Darwin's  "descent  with 
modification")    from  the  question  of  specific 
JD§£tl§Ql§JD§  —  §Q^,    speaking  in  his  posit i^^ist  mode, 
to  pin  the  label   "fact"  on  the  basic  proposition. 
This  argument  is  now  very  familiar,  and  it  all  but 
i,ndi^cts  —  for  ignorance  or  worse  offenses  — 
anyone  who  tails  to  treat  the  basic  proposition  as 
"fact. " 

3r;2 


But  after  weeks  oi  using  these  diagrams  in  a 
comparative  manner,   and  having  seen  family 
resemblances  between  laws  and  theories  across 
di  scipl  1  n«iry  lines,   it  becomes  possible  for  some  to 
view  the  fact/theory  controversy  in  alternative 
ways  —  ways  which  often  reflect  a  deeper  grasp  of 
the  pr-ocess  of  science,   and  at  the  same  time  a 
deeper  insight  into  alternatives  modes  of  educa- 
tion. 

As  an  example,   consider  this:     William  Whewell 
also  regarded  a  comple>j,    inoirectly  established 
proposition  as  both  fact  and  theory;   but  he  was 
referring  to  something  quite  different  from  Gould's 
(in  this  case)   more  positivtrtic  di^ssect i_on :  "All 
attemptis,"  says  Whewell,    "to  framt  an  argument  by 
the  exclusive  or  emphatic  appropriation  of  the  term 
f^ct  to  particular  casp::,   are  necessarily  illusory 
or   inconclusive,  "l"*     Why-:?     The  answer,    in  his  work, 
received  special  emphasis: 

The  distinction  of  fact  and  theory 
IS  only  relative.   Events  and 
phenomena  considered  as  particulars 
which  may  be  cclligated  Ci.e., 
subsumed]  by  induction,   are  facts; 
conside'^ed  as  generalities  already 
obtained  by  colligation  of  other 
facts  Ci-e. ,   induction  from  them3 
they  are  theories.    The  same  event 
or  phenomenon  is  a  fact  or  a 
theory,   according  as  it  is 
considered  as  standing  on  one  side 
or  the  other  of  the  inductive 
bracket  Con  our  diagram,  the 
arrow3 . ^  ^ 

Although  here  we  are  listening  to  a  voice  from 
the  19th  century,   which  on  many  other  points  is  now 


outdated,   the  above  statement  was  actually  ahead  of 
Its  time,   and  is  not  likely  to  raise  opposition 
from  many  philosophers  of  science  today  —  since 
modern  e.;amples  of  what  he  is  saying  are  easy  to 
find.     When,   all   over  the  world,  calculations  are 
carried  out  for  atomic  phenomena,   quantum  effects 
are  of  course  taken  for  granted  —  treated  as 
facts.     But  when  Aspect  and  his  collaborators 
performed  their  celebrated  experiments  in  1982 
(using  Bell's  theorem),    quantum  mechanics  was  in 
the  full   sense  a  theory,   pitted  against  other 
possible  theories   (hidden  var i abl es) . 1^     In  other 
words.    It  all   depends  on  what  the  goal   of  the 
inquiry  is. 

But  It  IS  in  education  that  the  implications  of 
this  last  point  have  the  greatest  scope;  for 
education  often  has  a  number  of  distinct  goals.  If 
the  aim  is  to  train  people  in  an  existing  scien- 
tific paradigm,   then  everything  that  is  §t_Bresent 
well    7Stablsshed  is  "fact."     If,   on  the  other  hand, 
the     jal   IS  to  understand  inguiry  more  generally, 
and  the  significance  of  the  different  kinds  of 
BCQducts  of  inquiry,    then  it  follows  just  as  surely 

whether  we  are  looking  at  relativity,    or  at  the 
basic  proposition  of  evolution,   or  at  Newton's 
laws,   or  at  anything  else  —  that  inductions  or 
conjectures   (upward  and  c'ownward),   not  just  the 
paradignatic  deductions,    ought  to  be  at  the  center 
of  attention.     And  then  all   these  major  achieve- 
ments of  science  e  e  indeed  "theories'*  about  which 
one  can  argue. 

From  this  perspective,   and  aside  from  the  very 
diffprent:  import  of  the  two  Gould  essays  I 
mfsnticned,    it  is  poc:;ible  to  see  thai  even  the 
first  essay   (the  positivistic  one),   taken  alone, 
suffers  from  certain  limitations.     By  insisting  on 


"the  fact  of  evolution,"  it  merely  describes  the 
e>(i sting  state  of  affairs  in  b i oloqy..as^a_research 
discigiine.     When  used  to  correct  misconceptions  or 
misleading  statements  about  that  discipline,  this 
argument  is  perfectly  in  order.     But  in  the  wider 
context  of  education,    it  is  important  to  realize 
that  how  much  prio-^ity  we  give  to  imparting 
information  about  the  state  of   the  discipline  is  a 
ggai-deBendent_2Udgment ,   a  judgment  of  philosophy 
of  education,   a  pedagogical  ji'dgment,    sometimes  a 
social  or  legal  judgment ,   but_ngt_£_matter_f or 
§ytb9Ci£§ti_ye_scienti  f  i_c  _.deci  si_gn^ 

I  have  found  that  the  discussion  of  controversy, 
such  as  the  current  one  on  creation/evolution,  the 
19th  century  debates  on  the  same  issue,   the  ones  on 
sociobiology  and  on  the  'lomputer  model   of  mind 
—  all  of  wl  ich  involve  science  and  more  general 
human  concerns  —  have  the  advantage  of  simulta- 
neously putting  the  various  schemat i zat i ons  to  usp, 
and  o^  testing  them.      Therefore,   if^  this  approach 
brings  an  otherwise  abstract  and  "academic" 
discipline     —  philosophy  of  science  —  to  lift,  to 
intellectual  use,    this         by  no  means  of  secondary 
value. 

Amer:can  teacher -for  example,   receive  from 
state  education  departments  various  guidelines  on 
how  to  teach  evolution.     They  also  receive  in  their 
mailboxes  literature  from  a  number  of  outside 
organizations,    questioning  evolution  or  the  manner 
of  taaching  evolution,    and  attempting  to  involve 
these  teachers  actively  in  the  controversy.^^  Aside 
from  other  good  arguments  for  the  serious  study  of 
the  philosophy  of  science,    it  does  seem  that 
teachers  ought  to  have  more  adequate  intellectual 
tools  for  coping  with  such  real-li-f'^  problems. 
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DISTINGUISHING  STUDENT  MISCuNCEPTIONS 
FROM  ALTERNATE  CONCEPTUAL  FRAMEWORKS 
THROUGH  THE  CONSTRUCTION 
OF  CONCEPT  MAPS 

John  E.  Feldsme,  Jr., 
Broome  Community  College,  Bmghamton,  N.Y. 

I  have  taught  General  College  Chemistry  at  a  two- 
year  college  for  sixteen  years.    For  the  past  six  years, 
I  have  used  the  concept  mapping  technique  vith  my  students 
m  an  attempt  to  overcome  the  compartmentalized,  ueakly 
related  manner  in  which  textbooks  p'*esent  the  chemistry 
subject  matter  and  to  actively  involve  my  students  m 
their  learning  process. 

The  method  I  have  developed  places  the  emphasis 
on  student  constructed  concept  maps.     At  the  beginning 
of  the  semester,  I  distribute  a  set  of  guidelines  for 
constructing  concept  maps  and  one  simple  example  of  a 
concept  map.    I  spend  one  lecture  discussing  the  method, 
purpose  and  value  to  the  student  of  their  developing  con- 
ceptual relationships  and  seeing  unity  m  chemistry.  I 
assign  concept  maps  of  each  chapter  of  the  textbook  to  oe 
constructed  by  the  students.     In  the  last  third  of  the 
semester  I  have  them  relate  the  subject  matter  of  two  or 
more  chapters. 

The  principal  reason  for  my  using  this  method  is  to 
improve  student  learning  and  I  have  found  that  (1)  students 
become  active  part"* pants  m  their  learning;  (2)  students 
learn  as  they  construct  their  maps;  and  (3)  students  form 
a  unified  picture  of  chemical  concepts.    However,  I  also 
unexpectedly  found  the  s»:udent  constructed  maps  were 
powerful  tools  for  evaluating  a  student's  understanding. 

The  evaluation  of  student  understanding  from  con- 
cept maps  has  two  principal  components.  First,  I  found 
it  identified  students  alternate  frameworks  of  understanding 
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of  a  given  suDject  area,  and  second,  I  found  it  allowed  me 
to  identify  misconceptions  held  by  a  student. 
Regarding  the  first  component,  I  found: 

(1)  eve*./  student's  concept  map  of  a  given  subject  was 
different  and  individual  even  though  each  was  substantially 
correct.    If  shared  meaning  has  occurred  between  the  teacher 
and  student,  the  student  has  developed  his  own  structure 

of  knowledge  and  has  incorporated  the  objective  information 
into  his  Own  understanding; 

(2)  the  student's  map  shows  his  overa*    picture  of 
the  subject  area  and  the  relative  importance  he  has  as- 
signed to  different  conceptual  areas;  and 

(3)  the  student's  map  identifies  omitted  areas  m 
his  understanding  of  the  subject  area. 

Regarding  the  misconceptions  component  of  the  evalua- 
tion ,  I  found : 

(1)  misconceptions  are  not  merely  an  alternate  way 
of  seeing  thi'^gs.    Thev  are  errors  that  will  lead  to  con- 
flicts if  not  corrected; 

(2)  misconceptions  are  always  localized  and  specific; 

(3)  they  are  one  incorrect  relationship  between  two 
concepts; 

(4)  misconceptions  can  exist  in  an  oraerwise  satis- 
factory framework;  and 

(5)  misconceptions  can  be  easily  identified  by  the 
teacher  and  corrected  in  a  short  interview  with  the  stu- 
dent. 

I  will  present  examples  of  each  type  of  information 
available  from  the  student  constructed  maps.    First,  however, 
I  have  found  that,  before  the  maps  can  be  used  for  evalua- 
tion, the  student  needs  to  have  acquired  concept  mapping 
skills  and  have  confidence  he  is  able  to  represent  his  per- 
sonal understanding.    He  needs  tL»  overcome  the  master  map 
syndrome  m  which  he  feels  there  is  one  correct  map  some- 
place that  his  map  will  be  measured  against.     I  found  t'  jse 
prerequisites  are  only  m  place  after  students  have 
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coi.structed  five  or  six  concept  maps,  and  the  teacher 
has  discussed  the  student's  maps  with  him  m  an  inter- 
view.   This  usually  occurs  - ;ound  mi  -semester  but  will 
vary  from  class  to  class  and  student  to  student. 

STUDENT  ALTERNATE  FRAMEWORKS 
To  illustrate  students  alternate  framevorks,  I 
have  cnosen  concept  maps  of  the  gaseous  state  constructed 
by  four  students  m  the  same  lecture  section  and  submit- 
ted during  the  tentn  week  of  class.    Each  students  map 
IS  diffeient  and  represents  -^n  alternate  view  of  the 
gaseous  state. 

The  first  map    Figure  1,  is  bv  a  student  who  had 
difficult  time  constructing  concept  nar  ;  prior  to 
this  one.    It  wns  the  first  map  that  ha^  a  two  dimension- 
al Structure.    The  co  cepts  he  maps  are  fa.riy  clearly 
related.    Howeve.    his  map  is  only  ot  tie  ideal  gas  law 
and  he  oinit    many  concepts,  especially  tnose  dealing 
with  the  kinetic  molecular  theory.    He  told  me  later 
Lha*   there  were  just  too  ir^^**  ideas  to  put  m  one  map. 

The  second  map.  Figure  2,  is  more  complete  and 
includes  every  concept  given  in  the  textbook.  The 
student  sees  the  gas  laws,  deriving  from  experi- 
mental measurements,  as  the  centr  .  and  overriding  sub- 
ject area.    He  reaates  the  laws  to  the  kinetic  theory  of 
gases  *^ut  does  not  specify  the  relationsliip  or  relate  the 
individual  postulates  of  the  theory  to  the  gas  laws. 
Thus,  he  indicates  he  has  an  inadequate  understan Jmg  ot 
the  theoretical  explanation  of  the  gas  laws. 

The  third  map.  Figure  3,  is  balanced  and  clear.  The 
student  sees  the  kinetic/molecular  theory  of  gases  as  the 
principal  overriding  concept  and  relates  the  theoretical 
postulates  to  experimental  evidence.    His  relationships 
bring  tl;e  ux^^erimental  laws  together  to  form  the  ideal 
and  leal  gas  laws.    He  sees  the  laws  as  dependent  on 
theory  for  their  meaning. 


NOTE:     COPIL-  OF  FIGURES  SHOWING  DETAIL  ARE  AVAILABLE 
FROM  Th£  AUTHOR ' 
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The  fourth  map.  Figure  4,  was  11"  x  17",  and  much 
larger  than  any  of  the  other  students.    This  student  sees 
the  gaseous  state  in  relation  to  the  other  two  physical 
states.    He  also  sees  the  laws  and  theory  of  the  gaseous 
state  as  the  side-by-side,  equally  important  components 
which  answer  the  "what"  and  "why"  of  gasr qus  behavior.  He 
also  sees  the  relationship  betwe-  n  each  variable  of  the 
ideal  gas  law  and  the  postulates  of  the  kinetic  molecular 
theory. 

Each  of  the  last  thrae  students  have  a  si>  stantially 
correct  understanding  of  the  gaseous  state  and  would  do 
very  similar  work  on  any  other  evaluation  tool.    Their  con 
cept  mr.ps  reveal  they  have  significantly  different  under- 
standings of  the  overall  subject  area  of  the  gaseous  state 
and  the  relative  importance  o:  each  sub-area;  especially 
the  relationships  between  the  gas  laws  and  the  kinetic  mol 
cular  theory,, 

STUDENT  MISCONCEPTIONS 
To  illustrate  the  ability  of  the  student  constructed 
maps  :c  identify  misconceptions  for  the  teacher,  I  will 
show  tvo  student.  '  m) ^conceptions  of  the  same  relationship 
that  I  found  in  concept  maps  that  were  otherwise  conceptu- 
ally correct.    The  erroneous  relationship  by  each  student 
is  between  "mtermolecular  forces"  and  "kinetic  energy  of 
molecules"  and  yet  each       >^ery  different. 

The  first  exanple  of  a  misconception  was  found  m  th 
student's  concept  map  of  the  gaseous  state  abov«  (Figure 
2).    The  upper  right  hand  corner,  expanded  in  Figure  5, 
shows  a  relationship  between  "molecular  attractive  forces" 
and  "kinetic  theorv  of  gases".  The  student  states  ''where 
there's  an  attractive  force,  there  is  motion"  thus  indica- 
ting a  casual  relationship  between  molecular  attractive 
forces  and  moleculax  kinetic  energy  which  is  erroneous  and 
would  make  it  impossible  for  the  student  to  see  the  role 
of  intermolecular  forces  in  understanding  the  condensed 
tates  of  matter.    This  one  relationship  identified  two 
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major  mis'jndf?f standings,  first,  that  molecular  motion  is 
caused  my  intermolecular  forces,  and  second,  the  stronger 
the  intermolecular  forces  -he  greater  the  molecular  motion. 
Once  I  identified  this  important,  but  localized,  miscon- 
ception from  the  student's  map,  it  required  approximately 
five  minutes  of  discus<=;ion  with  the  student  to  correct  his 
misunderstanding  and  develop  a  correct  understanding.  The 
student's  new  urderstanding  was  verified  with  his  next 
concept  map  of  the  liquid  and  solid  state. 

The  second  example  of  a  misconception  was  by  the 
student  who  constructed  Figure  k  above  of  the  gaseous 
state.     His  next  map  was  of  the  condensed  spates  and  m 
the  lower  left  corner  under  "kinetic  molecular  theory"  he 
also  showed  a  casial  relationship  between  "intermolecular 
forces"  and  "molecular  kinetic  energ>".  Figure  6.  The 
major  difference  is  that  he  saw  intermolec  lar  forces  as 
forces  of  repulsion.    This  one  relationship,  similar  to 
the  first  example,  identified  two  major  misunderstandings, 
first,  that  molecular  motion  is  fused  by  intermolecular 
forces  and  second,  very  different  than  the  first  student, 
that  intermolecular  forces  were  forces  of  electrical  re- 
pulsion.   This  one  mistaken  relationship  would  make  it 
difficult  for  the  student  to  unders'.and  the  forces  in- 
volved when  a  substance  changes  state.    Again,  once  I 
identified  this  major  misunderstanding  from  the  student's 
map,  I  was  able  to  correct,  in  a  short  conversation,  the 
student's  misunderstandings. 

I  feel  the  student  constructed  concept  maps  allowed 
me  to  identify  and  correct  major  misconceptions  by  these 
two  siudent^L,  misconceptions  Chat  would  have  been  difficult 
CO  ascertaiii  using  other  methods  of  evaluation. 

CONCLUSION 

I  have  found  student  constructed  concept  maps  to  be 
powerful  evaluation  tools  that  identify  both  student  al- 
ternate ^'rameworks  of  understanding  and  student  miscon- 
ceptions.   Regarding  alternate      frameworks,  they  show: 
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1)  Each  student's  personal  knowledge  is  different 
and  he  -^omes  to  this  by  developing  his  framework  of  con- 
ceptual relationships. 

2)  Concept  mapping  is  a  powerful  tool  for  a  student 
to  develop  his  understanding  and  express  his  understanding. 

3)  Concept  maps  of  a  given  subject  area  by  students 
can  be  substantially  correct  and  yet  significantly  differ- 
ent structures  revealing  major  differences  m  student's 
understanding. 

4)  Concept  maps  identify  areas  of  possible  omission 
m  a  student's  understanding. 

Regarding  misconceptions,  they  show: 

1)  Student  misconceptions  are  specific,  local 
relationships  between  two  concepts. 

2)  Mi&conceptions  can  exist  wi  hin  an  overall  con- 
ceptual framework  i/hich  ir,  satisfactory. 

3)  Misconceptions  are  easily  corrected  and  fre- 
quently change  the  meaning  of  the  entire  conceptual 
framework . 

4)  The  more  specifically  a  relationship  is  named, 
the  more  readily  it  ca?  be  identified  as  correct  or  in- 
correct. 

I  have  taught  chemistry  for  ^ix    years  using  student 
constructed  concept  maps  and  I  feel  my  students  are  now 
actively  involved  in  their  learning  and  are  gaining  a 
more  balanced,  personal  understanding  of  chem'Lsrrv. 
Further,  I,  as  a  teacher,  feel  that  the  subject  matte 
I  taught  is  the  subject  matter  that  was  learned  and  a 
sharing  of  meaning  has  occurred. 
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Using  Hierarchical  Concept/Proposition  Maps 
to  Plan  Instruction  that  Addresses  Existing  and 
Potential  Student  Misunderst.^ndings  in  Science 

by  Thaddeus  W.  Powler  and  Saouma  Bou  Jaoude 
University  of  Cincinnati 

In  order  to  help  teachers  develop  instructional  plans  that 
address  student  misunderstandings,  a  planning  technique  has 
been  devised  whe:e  teachers  construct  and  use  concept/ 
proposition  aaps  (unit  maps)  to  lay  out  what  is  to  be  taught 
and  to  identify  possible  areas  of  misunderstanding  by 
students.    The  maps  are  organized  around  categorical  concept 
hie'*archies  and  cuver  the  content  of  a  microschema  or  unit. 
On  the  maps  are  diagrammed  facts,  concepts,  propositions, 
attitudes,  science  processes,  and  physical  skills  to  be 
taught  during  the  presentation  of  a  unit  of  instruction.  The 
infor«iation  is  diagrammed  in  a  way  which  shows  the 
interrelationships  among  the  content.    Once  the  content  of 
the  unit  has  been  mapped.,  the  information  is  review^     in  each 
of  the  areas  of  knowledge  to  locate  potential 
misunderstandings  on  the  part  of  students  prior  to  o'  during 
the  teaching-learning  process. 

According  to  Gagne  (1987).  there  are  fivp  major  learned 
human  capabilities,     /hese  are:  verbal  information, 
intellectual  skills,  cogntive  strategies,  attitudes,  and 
motor  skills.    Verbal  mation  can  be  further  categorized 

(Gagne.  1970:  Egiren.  K^dchak.  &  Harder.  1979.  Ausubel .  Novak. 
A  Hanesian.  1978)  into  stimulus-response  learning  (facts), 
categorical  concepts,  and  rule^  (propositions, 
generalizations  or  principles).    As  an  information  processor, 
the  learner  is  clearly  able  to  form  concepts  and  propcsitions 
in  addition  to  actively  pursuing  the  acquisition  of  facts 
(Eggen    Kauchak.  &  Harder.  1979). 

Although  having  a  large  store  of  accurate  knowledge  ,s  a 
prerequisite  for  successful  learning  and  problem  solving,  the 
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structure  in  which  this  knowledge  is  stored  is  also 
important,    according  to  Reif  (1983)  and  Resnick  (1983).  most 
students  have  a  store  of  knowledge  that  is  small,  not  well 
organized  and  full  of  well  established  misconceptions,  while 
the  knowledge  base  available  to  successful  learners  and 
problem  solvers  is  large  and  well  organized  (Eylon  &  Reif. 
1979:  Frederiksen.  1984:  Smith  &  Good.  1984.  Stewart.  1982a, 
i982b.  1983). 

There  are  numerous  techniques  that  can  be  used  to  Selp 
learners  organi::e  their  knowledge  store      Kr.owledgf  ^ee 
Diagrams,  advance  organizers,  lesson  outlines,  and  concept 
maos  are  a  few  of  these  techniques.    Concept  mapping  has  been 
shown  to  be  a  powerful  and  successful  technique  when  used  in 
instruction  (Eylon  &  Reif.  1979;  Novak.  Gowin.  &  Johansen. 
1983;  Stewart.   1983)      The  quality  of  student  knowledge  is 
improved  when  concept  mapping  can  be  used  to  identify  and 
correct  student  misconceptions.    Students,  as  well  as 
teachers,  can  be  trained  to  use  concept  maps  to  organize 
their  own  knowledge. 

As  part  of  the  instructional  planning  process,  teachers 
should  reflect  on  the  possible  misunderstandings  tneir 
students  might  possess.     Instruction  needs  to  build  on  the 
foundational  knowledge  of  students.    Teachers  should  consider 
the  prior  degree  of  understanding  of  the  topic  to  be  taught 
and  work  to  expand  and  refine  the  cognitive  structures  of 
students.    However,  unless  teachers  consider  the 
misunderstandings  held  by  students,  instruction  might  be 
overwhelmed  by  these  m»3understandings .  Unless 
misunderstandings  are  directly  addressed,  students  may  be  so 
conf-c  -  or  'hung  up'  that  they  are  not  able  to  pay  attention 
to  the  new  content  being  ♦"aught.     Students  may  think  that 
they  already  know  the  topic  and  the  new  mateiial  makes  no 
sensp.  they  may  become  frustrated  because  of  apparently 
conflicting  information,  or  new  content  might  not  fit  with 

3fi8 


personal  foundational  knowledge  that  is  predicated  on 
misunderstandings . 

As  a  way  of  being  better  able  to  identify  possible 
nisanderstandings  it  is  helpful  to  categorize  thea  into  types 
paralleling  the  domains  of  knowledge.     By  classifying  the 
misunderstandings,  insight  can  also  be  gained  into  ways  of 
addressing  or  correcting  the  inar curate  knowledge.  For 
example  a  misunderstanding  about  a  categorical  concept  night 
be  addressed  by  explicitly  using  a  nonexample  of  the  concept 
which  'short  circuits'  the  misunderstanding  or  causes  the 
sluQSnt  to  appropriately  limit  the  range  of  the  concept. 


Here  in  consideration  of  the  different  types  of 
mi^^understandings  and  in  the  unit  maps,  knowledge  is 
categorized  into  the  cognitive,  affective,  and  psychomotor 
domains.    The  cognitive  domain  is  further  divided  into  the 
areas  of  singular  facts.  categoricaJ  concepts,  proposition? 
(generalizations  or  principles),  and  ?  .er..,e  processes 
(intellectual  skills).    The  affective  domain  is  addressed 
through  the  identification  of  attitudes  (composed  of 
feelings,  beliefs.,  and  action-).    Physical  skills  fail  within 
the  psychomotor  domain. 


Within  the  cognitive  domain  knowledge  is.  carefully 
partitioned  to  fulfill  the  following  definitions.    Facts  are 
defined  as  content  which  is  singular  in  ccc-rcence  and 
acquiied  jjlely  through  the  observation  of  events,  occurring 
in  the  past  or  present  (Eggen.  Kauchak.  &  Harder.  1979). 
Concepts  are  abstractions  made  up  of  the  criterial  attributes 
that  a  given  category  of  objects,  events,  or  phenomena  have 
in  common  (Ausubel.  Noval'.  &  Hanesian,  1978).  Propositions 
''Principles)  are  formed  by  chaining  two  or  mc*e  concepts 
(Gagne.  ly.w»)  or  are  a  meaningful  relational  combination  of 
two  or  more  concepts,  yielding  a  new  idea  (Ausubel.  Novak.  & 
Hanesian.  1978).    Relationships  between  concepts  that  are 
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only  hierarchical  are  not  considered  here  to  be  propositions. 
Inte.^lectual  skills  are  any  of  the  we\l  recognized  science 
processes  that  are  used  to  collect,  organize,  and  manipulate 
data,  or  create  new  knowledge. 

Categorization  of  misunderstandings  done  according  to 
different  types  of  knowledge  yields  the  following  system. 

^^sfact  -  memorized  factual  knowledge  which  is  wrong 

Avogadro's  number  is  6.023  X  10^^. 

The  side  of  the  .Moon  not  facing  Earth  never  receives 
direct  sunlight. 


Misconception  -  inaccurate  understanding  of  a  concept, 
misuse  of  a  concept  name,  wrong  classification  of  concept 
examples,  confusion  between  different  concepts,  improper 
hierarchical  relationships,  over-  or  under-generalizing  of 
a  concept 

Frojs  are  reptiles. 

The  eight  planets  and  the  Earth  rotate  aroun'^"  the 
sun . 

The  Earth  revolves  on  its  axis. 
Vertebrates  are  a  kind  of  mammal. 
Mass  and  weight  are  the  same  thing. 
Seals  are  a  kind  of  fish. 


MisproDosltlon  -  wrong  or  inaccurate  propositions, 
improper  application  of  propjsiMons.  merging  of  two  or 
■ore  propositions,  over-  or  under-generalizing  of  a 
proposition 

The  heavier  an  object  is  the  faster  it  falls. 

Charles'  Law  is  used  to  determine  the  new  volume  of  a 
balloon  as  it  is  moved  from  the  surface  oi  a  lake  to 
30  feet  below  the  surface,  assuming  the  thermocline 
to  be  at  40  feet 

A  student  decides  that  the  reaction  between  sodium 
and  fluorine  gives  off  less  heat  per  mole  than  the 
reaction  between  sodium  and  iodine. 
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Tissues  are  made  up  of  organs 


Netals  are  a  type  {or  category)  of  element. 


Misbelief  -  a  cognitive  misunderstanding  which  leads  to  a 
consequential  attitude 

Snakes  are  cold  and  slimy. 

Scientists  seldom  make  mistakes. 

The  bible  is  precisely  accurate. 


Mismanipulation  -  physical  manipulc t ions  done  improperly 
ineffectually 

Pictures  taken  of  a  nonmoving  object  with  a  Polaroid 
camera  are  in  focus,  but  blurred. 

A  student  punctures  the  palm  of  the  hand  while 
inserting  a  thermometer  in  a  rubber  stopper. 

Processing  jnistake  •  inaccurate  or  illogical  thought 
processes  such  as  classifying  mistakes,  improper 
interpreting  of   lata,  failing  to  control  variables;  the 
misuse  of  any  of  the  science  processes  (characterized  by 
Fiai^  tian  cognitive  task  mistakes) 

As  a  student  investigates  the  factors  that  influence 
'    the  growth  of  plants,  the  amount  of  water  applied  and 
the  amount  of  sunlight  allowed  are  varied 
simultaneously. 

A  student  counts  the  legs  on  an  ant  and  gets  eight. 

A  student  determines  that  there  is  no  relationship 
between  the  length  of  time  a  force  is  applied  to  an 
object  and  the  velocity  of  the  object,  since  each 
time  the  experiment  is  done  slightly  different 
results  i^r'  obtained. 

In  order  to  facilitate  the  recognition  and  identification 
of  possible  misunderstandings,  as  well  as  to  aid  a  teacher  in 
more  easily  perceiving  t.ie  complexity,  interconnectedness 
and  extensiveness  of  the  content  to  be  taught,  unit  maps  are 
developed  and  used,    Vnit  maps  graphically  present  a 
cognitive  structure  of  a  microschema  of  con  ent  and  include 
facts,  concepts,  propositions,  sci      e  processes,  physical 
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skills,  and  attitudes.  The  directions  for  the  production  of 
a  unit  map  follow. 

The  purpose  of  this  exercise  is  for  you  to  practice  the 
use  of  a  method  of  planning  and  analysis  of  a  quantity  of 
instructional  content.    You  will  focus  on  a  unit  of 
instruction.    A  unit  is  typically  a  single  chapter  in  a 
text  or  a  I'ew  closely  related  short  chapters  and  where  the 
instruction  will  typically  last  for  about  two  weeks. 
During  the  exercise  you  will  list  pertinent  facts 
concepts,  and  propositions  your  students  would  be  expected 
to  learn  as  well  as  s^cience  processes  to  be  developed, 
attitudes  to  be  formed  or  preserved,  and  physical  skills 
to  be  developed.    Further,  you  will  graphically  show  the 
interrelationships  'long  these  entities. 

1.  Obtain  a  sheet  of  17  x  22  in.  or  24  x  36  in.  paper 
and  two  or  three  fine  tipped  colored  marking  pens. 

2.  List  the  concept  names  included  in  the  chapter 
{toward  the  center  of  the  paper)  in  strict 
categorical  hierarchies.     It  is  probably  best  to  also 
include  concepts  that  are  closely  related  to  this 
'init  but  which  appear  in  previous  and  following 
chapters.    You  krlll  typically  end  up  with  three  to 
ten  hierarchies, 

3.  List  facts  {at  the  bottom  of  the  paper)  included  in 
the  unit  that  are  so  important  that  students  would  be 
expected  to  commit  them  to  memory.  Concept 
definitions  would  of  course  not  be  listed. 

4.  Connect  two  or  more  concepts  with  a  line  to  show  a 
mutual  relationship  in  the  form  of  a  proposition.  Do 
this  for  each  important  proposition  in  the  unit. 
Lines  connecting  higher  order  {more  abstract) 
concepts  form  higher  order  propositions, 

5.  • ist  propositions  {down  the  right  side  of  the  paper) 
as  complete  statements  and  in  an  outline  format  to 
show  their  hierarchical  relationships  and  label  the 
corresponding  lines  connecting  related  concepts. 

6.  List  the  ucience  processes  you  wish  to  develop  {at 
the  upper  left  of  the  paper)  coding  these  processes 
to  the  cognitive  information  to  be  learned  in 
conjunction  with  the  processes.     {Use  colored  dots.) 

8.      List  physical  skills  to  be  developed  {at  the  middle 
left  of  the  paper),  coding  to  cognitive  information. 

7.  List  the  attitudes  you  wish  to  form  or  preserve  (at 
the  lower  left  of  the  paper). 
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Once  this  comprehensive  listing  of  content  has  been 
diagraaaed  instructional  objectives  can  be  written,  possible 
mis under otandings  can  be  identified  for  each  of  the  content 
areas  of  the  map.  resources  identified,  instructional 
activities  devised,  and  assessment  instruments  produced.  Of 
nost  importance,  tne  planning  and  delivery  of  instruction  is 
more  likely  to  proceed  in  an  integrated  and  meaningful 
manner.    This  is  probably  especially  true  for  teachers  who 
have  produced  their  own  maps  rather  than  those  using  a  nap 
drawn  by  someone  else 

Instruction  might  proceed  according  to  any  of  a  number  of 
instructional  models.    Deductive  model, ^  inductive  model,  and 
Ausubel  model  lessons  (Eggen,  Kauchak.  &  Harder.  1979)  can  be 
designed  drawing  from  the  concept  and  proposition  hierarchies 
displayed  on  the  map.     Instruction  seems  to  proceed  best  wnen 
examples  are  used  to  clearly  illustrate  and  delineate  concept 
categories  (Joyce  &  Weil,  1980)  and  to  illustrate 
propositions.    Misconceptions  and  mispropositions  can  be 
counteracted,  curtailed,,  or  prevented  during  the 
instructional  process  through  the  judicious  use  of  examples 
and  nonexamples  when  illustrating  concepts  and  propositions. 

£xam:^les  are  chosen  from  the  mapped  concept  or  propo.sition 
hierarchies  from  subordinate  levels.    Since  the  map 
graphically  displays  subordinate  levels,  a  full  and  valid 
range  ot  examples  can  be  more  easily  and  accurately  chosen. 
Nonexamples  mignt  typically  be  drawn  from  coordinate 
categories  and  delimit  the  range  of  a  concept  category  or  the 
applicability  of  a  proposition.    Deductive  lessons  proceed 
downward  through  the  hierarchies  from  a  statement  of  a 
concept  definition  or  a  proposition  through  examples  taken 
trom  subordinate  levels.     Inductive  lessons  proceed  upward 
with  the  presentation  of  examples  or  illustrations  and  with 
students  developing  concept  definitions  or  statements  of 
propositions  which  are  superordinate  to  the  examples. 

...  373 


Ausubel  model  lessons  present  the  content  of  entire  concept 
or  proposition  hierarchies  first  downward  (progressive 
differentiation)  and  then  roughly  upward  (integrative 
recon':iliation) . 


Teachers  report  that  this  planning  technique  is  very 
powerful,  exhaustive,  and  helpful  and  also  extremely  time 
consuming.    The  method  has  been  used  for  about  three  years 
with  undergraduate  students, ^  experienced  inservice  teacheiS,. 
and  with  corporate  trainers.    Almost  all  teachers  and 
^'oachers  in  training  initially  experience  considerable 
difficulty  in  conceptualizing  the  task  before  them.    Much  of 
their  distress  is  related  to  the  task  ol  discriminating 
between  the  different  types  of  knowledge,,  especially  facts 
concepts,  and  propositions.    Once  a  map  has  been  produced, 
the  elegance  of  a  variety  of  instructional  models  is 
immediately  apparent  to  teachers.    The  execution  of  the 
planning  and  delivery  of  instruction  seems  to  be  considerably 
enhanced.    Nost  teachers  spontaneously  express  their  delight 
in  gaining  net*  Insights  into  the  interrelatedness  of  the 
content  they  teach.     Furthermore,  teachers  seem  to  be  much 
more  attuned  to  the  misunderstandings  that  might  exist  or 
occu"*  in  the  variety  of  knowledge  areas. 


374 


186 


References 


Eggen.  P..  Kauchak,  D.,  &  Harder.  R.  (1979).  Strategies  for 
teachers.  Englewood  Cliffs.  NJ:  Prentlce-Hall.  Inc. 

Eylon,  B.,  A  Relf,  F.  (1979).  Effects  of  internal  knowledge 
organization  on  task  perforaance.  San  rranclsco.  CA: 
University  of  California,  Berkeley.   (ERIC  Documen*: 
Reproduction  Services  NO  171  804). 

Frederiksen.  N.  (1984).  Implications  of  cognitive  theory  for 
Instruction  in  problem  solving.  Review  of  Educational 
Research,  54. (3) .  363-407. 

Gagne.  R.  (1970).  The  conditions  of  learning  (2nd  ed.).  New 
York:  Holt.  Rinehart  and  Winston. 

Gagne,  R.  (1974.  Essentials  of  learning  for  instruction. 
Hlndsdale.  IL:  The  Oryden  Press. 

Gagne.  R.  (1987).  Instructional  technology:  foundations. 
Hillsdale.,  NJ:  Lawrence  ErlbauM  Associates. 

Joyce,,  B..,  &  Weil.  M.  (1980).  Models  of  teaching  (2nd  ed.). 
Englewood  Cliffs,  NJ:  Prentlce-Hall . 

Novak,  J.,  Gowln,  D. .  A  Johansen.  B.  (1983).  The  use  of 
concept  napping  and  knowledge  vee  diagrams  with  junior  high 
science  students.  Science  Education,  67(5).  625-645. 

Reif.  F.  (1983).  How  can  chemists  teach  problem  solving? 
Journal  of  Chemical  Education.  60(11) .  948-953. 

Resnick.  L.B.  (1983).  Mathematics  and  science  learning:  A  new 
conception.  Science.  220(4595) .  477-478. 

Smi  n.  M..  &  Good.  R.  (1984).  Problem  solving  and  classical 
genetics:  Successful  versus  unsuccessful  performance.  Journal 
of  Research  in  Science  Teaching.  21(9).  895-912. 

Stewart,  J.  (1982a).  Difficulties  experienced  by  high  school 
students  when  learning  basic  Mendel ian  genetics.  American 
Biology  Teacher,  44(2).  90-94. 

Stewa^t,  J.  (1982b).  Two  aspects  of  meaningful  problem 
solving.  Sc^ience  Education.  66(5),  731-749. 

Stewart.  J.  (1983).  Students*  problem  solving       high  school 
genetics.  Science  Education.  67(4).  523-540. 


CONCEPT  MAPS  AS  REFLECTORS  OF 
CONCEPIUAL  UNOERSIANOING 


Kym  Fraser  and  John  Edwards 

James  Cook  University  of  North  Queensland,  Australia 

INIRODUCriON 

Over  the  past  ten  years  science  education  research  in 
Australia  and  New  Zealand  has  focussed  attention  on 
student  misconceptions  in  science.      Such  researchers  as 
Gunstone  and  White  (1980)  and  Osborne  and  Gilbert  (1979) 
have  revealed  come  of  the  misconceptions  that  students 
acquire  during  their  schooling.      Revelations  such  as 
these  have  helped  to  emphasise  the  need  for  teachers  to  be 
aware  of  what  conceptions  and  misconceptions  their  students 
bring  into  instructional  settings. 

In  reviewing  whrt  educational  r3ycholoc,y  had  revealed  about 
the  facilitation  of  pupil  learning  LoveJ.l  (1980)  concluded: 
First  I  believe  that,  m  general,  what  the 
pupil  knows  today,  what  relevant  anchorage 
he  has,  is  the  best  single  predictor  of  what 
he  will  know  tomorrow  as  a  result  of  your 
teaching  ...  Second,  it  is  necessary  for  the 
teacher  to  try  and  establish  the  main  ideas 
held  by  pupils  at  the  time  they  begin  to 
experience  new  material.      Pupils  hold  many 
i;pontaneous  strategies,  misconceptions,  and 

alternative  frameworks           leachinq  must  be 

adjusted  to  the  anchorage  the  pupil  already 
holds.      At  times  .interpretations  of  the 
pupil  must  be  compared  and  contrasted  with 
those  of  the  teacher.      leachers  can  use 
individual  interviews  and  concept  mapping 
to  establish  ideas  held. 
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leachers  roll  their  eyes  in  disbelief  at  the  suggestion  of 
a  regular  regime  of  individual  interviews,  ihe  restructuring 
required  to  enable  such  a  system  to  operate  is  massive  and 
unlikely  to  be  widely  implemented  in  classrooms.  Concept 
mapping,  on  the  other  hand,  offers  a  technique  for  revealing 
cognitive  structure  which  appears  manageable  within  present 
classroom  constraints.      Ihis  paper  reports  on  part  of  a 
pilot  study  which  investigated  the  feasibility  of  using 
concept  mapping  in  secondary  science  classrooms. 

SETTING  AND  DESIGN 

Ihe  study  involved  instruction  in  concept  mapping  for 
twenty-four  grade  nine  science  students  in  a  small  co- 
educational independent  school  in  North  Qi'eensland.  The 
students  were  drawn  from  two  classes  totalling  sixty-three 
students.      Ihe  sample  students  chosen  were  low  and  medium 
achievers  as  revealed  by  classroom  testo.      )hey  normally 
worked  in  pairs  and  these  same  pairs  were  used  throughout 
the  study.      During  each  of  three  month-long  work  units, 
groups  of  four  students  v.ere  put  through  the  following 
treatment: 

Step  i:     Ihe  four  students  were  each  given  a  list  of 
approximately  ten  central  concepts  associated  with  the 
coming  unit  of  work.      Ihey  were  asked  to  write  down  all 
they  knew  about  these  concepts,  under  exam  conditions 
with  no  time  limit. 

Step  2:     individual  audio-taped  thirty  minute  interviev/s 
were  held  within  one  to  three  days  of  the  examination. 
Ihe  focus  of  each  interview  is  to  reveal  the  students' 
understanding  of  these  same  concepts. 
Step  3:    A  thirty-minute  training  program  in  concept 
mapping,  done  separately  with  each  pair  of  students 
out  of  class  time. 
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step  4:    Construction  of  concept  m&ps  during  class  and 
homework  time  over  the  four  weeks  of  the  unit.  Individual 
on-qoinq  remediation  was  a  part  of  this  process. 
Step  5:    At  the  end  of  the  unit  each  student  constructed  a 
concept  map  of  the  overall  unit  using  a  set  o^  self- 
generated  major  concepts.      !his  was  aone  in  their  own 
time  with  no  tirje  limit. 

Step  6:    individual  audio-taped  interviews  were  held 
within  ono  to  three  days  of  this  task.      Ihe  focus  of  each 
interview  was  to  reveal  the  student's  unders*  ending  of  the 
concepts  discussed  in  Steps  b  and  1.      Student  attitudes 
towards  concept  mapping  and  its  effect  on  their  learning 
were  also  sought. 

The  procedure  for  training  in  concent  mapping  (Step  3) 
was  as  follows: 

(i)    Illustration  of  the  key  characteristics  of  a  concept 
map  using  diagrams  familiar  to  the  students:    a  food  wpb 
and  a  classification  key  (Fraser,  1983,  p. 33-38  , 
(li)  comparison  of  a  concept  map  and  the  written 
paragraph  from  which  it  was  c.veloped  (Novak,  1980, 
p.ii-8  and  p.ii-9), 

(i5i)provisioii  of  a  format  for  constructing  a  concept  map, 

(iv)  individual  stucent  production  (using  the  given  forfPat) 
of  a  concept  map  based  on  a  hobby  or  interest,  ar.d 

(v)  remediation  and  discussion  of  the  roap. 

Two  basic  formats  for  map  construction  (Step  iii)  were 
tried: 

Format  1 

(a)    Write  down  six  or  seven  key  words  associated  with 
the  hobby, 
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(b)    order  these  words  from  most  to  least  important  (two  or 

more  words  can  be  of  equal  importance), 
^c)    ^orm  the  words  into  a  map  with  the  most  important  words 

at  the  top  and  the  least  important  at  the  bo\tom,  and 
'd)    draw  lines  between  words  which  can  be  related  to  each 

other  and  write  iinkinq  words  on  the  lines. 

Format  2  was  a**,  adaptation  of  Format  1  based  cn  a 
procedure  sugqested  by  Tensham,  Garrard,  and  West  (1981). 
Here  Step  (b),  the  ordering  of  words,  was  accomplished  by 
3  mathematical  orocedure.      The  deqree  of  relation  between 
each  pair  of  words  is  rated  on  a  0-3  scale  and  by  summinq 
the  relational  ratings  a  total  ratinq  is  achieved  for 
each  word. 

RESULTS  AND  DISCUSSION 

Comparison  of  written  and  verbal  responses 
A  comparison  of  student's  written  reports  and  associated 
interviews  prior  to  training  in  concept  mapping  (Steps  1 
and  2)  qenerated  three  major  findings.      Firstly,  there 
were  siqnificant  inconsistencies  between  what  students  had 
written  about  the  ten  concepts  and  what  they  revealed 
subsequently  durin'j  interview.      Responses  were 
classified  into  five  categories  correct,  incorrect, 
ambiquous  incomplete,  and  no  information.      An  uxonsistency 
involved  a  shift  from  one  cateqory  to  another.  Fx^teen 
percent  of  the  students  showed  inconsistency  with  only  one 
concept,  fifty  percent  with  two  to  four  concepts,  and  thirty 
five  percent  with  five  to  eiqht  concepts.      The  majority  of 
the  inconsistencies  involved  a  shift  from  a  partial, 
unclear  or  incomplete  written  response  to  a  verbal  response 
which  was  clearly  correct  or  incorrect.      Over  seventy- 
five  percent  of  the  students  revealed  at  least  one  clear 
contradiction  between  their  written  and  verbal  responses. 
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Secondly,  neither  concept  difficulty  nor  student  achievenent 
level  was  related  to  the  level  or  type  of  inconsisterry  for 
students  in  this  study.      Ihirdly,  ten  percent  of  the 
interviewer's  interpretations  of  the  students'  written 
responses  were  subsequently  shown  to  be  inaccurate  by  the 
interviews. 

Ihe  major  implication  from  the  comparison  is  that  the 
written  responses  were  not  clear  indicators  of  cognitive 
structure.      Students  in  this  study  had  Difficulty  in 
accurately  representing  their  concepti^al  knowledge  in 
written  form.      As  there  was  no  time  pressure,  it  appears 
that  lack  of  application  and/or  lack  of  fluency  in  written 
expression  are  likely  explanations  for  the  results  obtained. 
Ihis  problem  is  compounded  by  the  difficulty  in  accurately 
interpreting  written  responses.      Results  here  suggest  that 
not  only  do  many  students  have  problems  v/ith  the  encoding 
(expressing  their  ideas  clearly  in  written  form),  but  also 
teachers  can  have  trouble  with  the  decoding  (arcurately 
interpreting  what  is  written)        lake,  for  example,  a 
written  statement  on  'formula*  by  one  of  the  students: 
"An  amount  of  substances  put  together'*. 

From  this  a  teacher  could  easily  assume  that  the  student 
had  at  least  a  vague  notion  of  formula  as  representing 
"substances"  joined  together  m  some  way  and  even  some 
sense  of  proportions  or  amounts.      However  during  interview 
the  student  showed  clearly  that  he  had  confused  formula 
with  equation.      On  re  reading  the  written  statement  in 
light  of  the,  interview,  one  gets  a  very  different 
understanding  of  what  wa^  intended. 

In  summary,  if  one  is  to  attempt  lo  base  one's 
instruction  on  what  the  students  already  know,  as  Lovell 
suggests,  it  appears  thai  sole  reliance  on  written 
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reports  of  the  tyoe  used  here  would  be  unwise. 


Different  methods  for  teaching  concept  flapping 
Ail  of  the  students  acquired  concept  mapping  skills  to  a 
sufficient  degree  to  ailow  them  to  draw  competent  maps.  At 
the  same  time,  a  number  of  the  students  showed  little 
enthusiasm  for  the  process.      it  was  seen  as  being  a  lot  of 
extra  work  v/hich  they  would  happily  avOid.      All  students 
trained  with  Format  2,  the  mathematical  calculation, 
complained  about  tJ'e  tedium  of  the  process.      A  number  of 
them  were  at  pains  to  point  out  how  they  cjuld  order  the 
concepts  in  much  simpler  ways.      \o  such  complaints  emerged 
from  the  group  trained  with  Format  1.      Ihe  maps  produced 
b>  the  two  formats  revealed  no  significant  differences. 
Ihe  extreme  unwillingness  of  students  to  work  with  Format  2 
suggests  that  for  these  grade  nine  students  at  least. 
Format  1  is  the  better  procedure  to  use  in  the  classroom 
setting. 

Comparison  of  concept  maps  and  interviews 
Interviewing  is  widely  accepted  as  a  method  for  revealing 
cognitive  structure.      Ihe  enormous  influence  of  Piaqet  and 
his  Genevan  co-workers,  based  on  his  "clinical  method"  of 
interviewing  (Opper,  1974)  is  convincing  evidence  of  this. 
Ihe  interview  techniques  used  here  were  oased  on  Opper's 
discussion  of  the  Piagetian  clinical  method  (Opper,  1974) 
and  the  adaptation  of  the  clinical  method  to  concept 
mapping  used  by  Novak  and  his  Cornell  group  (Pines  et  al., 
1978). 

lable  1  shows  the  number  of  propositions  each  student 
included  in  the  concept  map  prepared  in  Step  3,    at  the 
end  of  the  unit.    A  proposition  is  here  defined  as  "a 
specific  relationship  between  two  or  more  concepts"  (Novak, 
1980,  p. 203).      It  should  be  noted  that  some  of  these 
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TABLE  1 

Propositions  Revealed  by  Cofx:ept  Kaps  and  by  Interviews 

Student       Number  of  Percentage  Percentage 

proposi  t  ions  spontaneous ly  subsequent ly 
in  w^ap  revealed  in  revealed  by 


interview 

m*nh  i  nn 

19 

74?o 

26?o 

rt  .N. 

17 

82^i 

i8?o 

D  n 
D.P. 

15 

Q7?o 

13?6 

15 

80% 

20°i 

c  r 

15 

QO?o 

20?o 

U  0 

n  .n  • 

15 

73?o 

14 

6U?o 

29°i 

Lj  •rU 

1  ^ 

77?o 

23^i 

&  Da 

12 

100?^ 

- 

M  Q 

12 

17% 

P  U 
r  .  W. 

12 

83?o 

17% 

I  .  V . 

10 

80?o 

20?o 

r  M 

1  •  i  t  • 

1  n 

50?o 

~ 

K  .M. 

o 

7 

78^0 

22% 

o  •  o  • 

n 
O 

100?^ 

- 

7 

100?o 

- 

7 

100?i 

- 

J .  W. 

7 

100?i 

A.R. 

7 

86?o 

14^0 

I.F. 

7 

86?o 

14?o 

C.B. 

7 

86?i 

14?i 

K.H. 

6 

100?i 

P.M. 

5 

100?i 

C.B. 

5 

80?o 

20% 
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propositions  were  in  fact  misconceptions.      Ihe  Fable  also 
shows  the  percentage  of  these  propositions which  were 
revealed  during  the  subsequent  interview  (Step  6)  -  firstly 
those  revealed  spontaneously,  and  secondly  those  revealed 
by  subsequent  probing.      [he  interview  was  held  at  least 
nne  day  after  the  map  was  prepared,  and  up  to  three  days 
after.      Also,  no  reference  was  made  to  the  concept  map  by 
the  interviewer.      fhe  degree  of  agreement  between  the 
propositions  revealed  by  the  students'  maps  and  the 
subsequent  interviews  is  impressive.      In  only  three  cases, 
H.R.,  S.E.  and  T.M.  did  stuaents  not  reveal  all  of  their 
map  propositions  after  probing  during  interview.  [he 
one  student  who  could  reveal  only  50?o  of  her  map 
propositions,  and  'gave  up'  when  probed  presented  an 
interesting  case.      Only  five  of  her  ten  propositions 
were  correct  and  four  of  these  were  revealed  during 
interview.      Even  »hen  cued  she  could  reveal  only  one  of 
her  five  misconceptions.      It  appeared  that  Ll^ese  mc.y  have 
been  guesses  which  were  put  in  to  'pad  out'  the  concept 
map. 

While  most  students  were  able  to  elaborate  slightly  on 
propositions  ir*  their  maps  during  interview,  in  only  three 
cases  did  students  reveal  significant  new  information 
during  interview.      When  questioned  about  this,  one  said 
that  he  didn't  have  the  space  to  fit  everything  :n  his  map, 
the  second  had  included  the  information  on  her  'rough  copy' 
of  the  map  but  had  forgotten  to  put  it  into  her  'neat  copy' 
and  the  third  suggested:    "Just  didn't  think  at  the  time 
to  put  It  in".      In  all  other  cases  if  propositions  central 
to  the  topic  were  not  included  in  the  concept  map  they  were 
not  subsequently  revealed  by  the  student  when  interviewed. 

These  results  indicate  tho.  m  this  study  concept  maps 
were  as  accurate  as  interviews  for  revealing  student 
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comprehension  of  concepts.      Ihe  implications  of  this 
finding  for  classroom  practice  are  powerful.  Many 
researchers,  for  example  Lovell  (1980),  have  long  advocated 
the  individual  interview  as  the  best  way  to  access  student 
understanding.      If  a  more  comprehensive  study  confirmed 
the  results  obtained  here,  it  would  provide  teachers  with 
a  very  convenient,  time-efficient  indicator  of  student 
understanding  for  c'  -       t»  use. 

Ihis  contrast  between  the  high  equivalence  of  information 
revealed  by  concept  maps  and  interviews,  and  the  low 
equivalence  between  information  revealed  by  written  answers 
and  interviews  is  worthy  cf  comment.      This  fmamg  implies 
that  concept  mapping  significantly  helps  students  to  clearly 
express  their  comprehension  of  concepts  and  conceptual 
inter-relationships,  as  well  as  helping  the  teacher  to 
understand  the  written  student  communication.  This 
implication  can  only  be  seen  as  tentative  since  the 
comparison  of  written  and  verbal  answers  took  place  at  the 
start  of  the  topic  when  students  would  have  been  much  less 
knowledgeable  and  much  less  confident  on  the  topic. 

Student  and  Teacher  React:ons  to  Concept  Mapping 
Most  students  regarded  concept  mapping  as  hard  »-ork  and  as 
an  extra  imposition',  particularly  as  many  or  their  peers 
did  not  have  to  do  it.      At  the  same  time,  most  felt  that 
it  helped  their  learning.      For  example: 

"There's  the  hard  part  of  working  it  out,  but 
then  you  have  it  for  reference  -  you  can  just 
look  back  for  study." 

"If  youVe  a  poor  reader  like  me  the  map  is  good 
because  it's  easier  to  read"." 
"If  you  just  study  with  words  and  writing  out 
paragraphs  they  seem  to  just  tell  you  about  one 
Q  thing,  but  if  you're  doing  it  m  concept  maps 


you  can  link  it  up -you  can  join  it  all  together 
,vith  the  rest  of  the  sub:ect.      It  explains  that 
one  subject  part  more  thoroughly  to  help  it  join 
If!  with  the  others." 


This  function  of  helping  students  pull  the  topic  together 
and  develop  a  feeling  of  mastery  was  commented  on  by  both 
the  students  and  the  teacher.      Similarly  the  development 
of  increased  student  sel f-direction  was  noted  by  the 
teacher  as  well  as  the  students.      For  example: 
"that's  happened  to  me  a  couple  of  times  - 
where  I  didn't  understand  what  the  words 
were  where  I  should  have,  and  I'd  look  it 
up  ir,  the  book  and  be  able  to  fit  it  m 
properly . " 

"^lrst  I  see  which  ones  [concepts]  qo  together 
and  the  ones  left  over  I  look  up  and  find  out 
that  they  do  go  with  others  once  I  know  their 
meaning. " 

While  concept  mapping  helped  make  students  aware  of  gaps 
in  their  understanding,  the  degree  to  which  they  took 
steps  to  remedy  this  varied  greatly. 

The  teacher  also  commented  on:    the  increased  "academic 
self-concepts"  of  some  students;    the  clarity  with  which 
the  maps  reveal  student  strengths  and  weaknesses;    and  the 
deeper  level  of  processing  encouraged  by  concept  mapping. 

i,i^-.f  cUl  i'A    fl^f/i^    ronorf     that    *  or-hni  nnoc  W^^lCh 

ilaicuii   tji  nj   D0J.JU  -J  tj    -v-i^  — -    —  ...-^^ww  n 

encourage  deep  level  processing  result  m  higher  levels 
of  outcome.      The  extent  to  which  concept  mapping  coerces 
deep  level  processing  is  an  important  area  for  further 
research. 
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CONCLUDING  COMCNI 


Results  from  this  pilot  study  suggest  that  concept  mapping 
has  great  potential  as  a  classroom  procedure  for  revealing 
the  conceptual  understanding  of  students.      It  was  shown 
to  be  as  accurate  as  interviewing  for  this  purpose.  Added 
to  this  it  seemed  to  have  a  number  of  positive  effects  on 
student  learning. 
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STUDENT  USE  OF  COMPUTERS  TO  SELF-EVALUATE  DATA  FROM 
INTRODUCTORY  PHYSICS  LABORATORIES 

Norman  H.  Fredette,  Fitchburg  State  College 

As  more  information  about  student  conceptions  of 
knowledge  presumably  acquired  through  a  classroom  experience 
IS  accumulated  through  research,  there  is  a  conconm^^nt 
concern  for  ways  of  improving  instruction  related  to  that 
knowledge  •    A  favored  way  of  improving  instruction  is 
through  expanding  the  number  of  presentations  of  the  same 
subject •    In  the  case  of  physics  instruction,  inclusion  of 
laboratory  work  has  traditionally  been  cited  as  the  place 
where  students  have  another  opportunity  to  study  or  more 
directly  observe  some  f^ieaomenon  described  in  text  or 
lecture*   Though  not  clearly  supported  by  research,  one  can 
logical ly  conclude  that  students  experiencing  laboratory 
work  of  both  nrore  appropriate  quality  and  quantity  will  have 
fefjier  misconceptions  about  related  phenomena  thsr.  will  those 
who  have  not;  one  goal  of  this  paper  is  to  present  examples 
of  expanded  laboratory  experiences • 

Another  pedagogical  consideration  addiessed  in  this 
paper  relati=  y  to  the  popular  conception  that  students  need 
to  achieve  some  reasonable  level  of  computer  literacy 
through  their  standard  course  work.    Undoubtedly,  "Computer 
Literacy"  has  become  a  holy  grail  of  the  eighties;  both  the 
educational  and  computer  journals  are  devoting  nrore  space  to 
personal  accounts  describing  micro-con^ter  applications  to 
educational  problems •    The  entire  May,  1987  issue  of  the  The 
^ysics  Teacher  as  given  over  to  this  matter  and  The 
American  Physical  Society  has  begun  a  new  journal  (Fall, 
1987)  devoted  to  computers  m  the  physics  laboratory  -  both 
in  research  and  education* 

Specifically,  this  paper  centers  about  the  use  of  conv- 
puters  as  a  pedagogical  device  directed  at  improving  the 
quality  of  laboratory  experiences*   One  example  allows  the 
student  to  check  the  validity  of  laboratory  data  both  with 
respect  to  accepted  results  and  with  the  findings  of  other 
students*    Another  example  will  be  directed  at  students* 
self-checko  of  calculations  from  their  data* 
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The  Process  of  Learning  Fhysics; 

We  know  precious  little  about  how  people  learn  anything 
-  physics  included*    In  spite  of  the  fact  that  we  have  had  a 
nunt>er  of  cognitive  scientists  present  us  vith  models  of 
human  information  processing,  and  we  have  had  a  number  of 
researchers  present  data  on  both  how  the  "successors"  suceed 
and  the  current  learning  system  "fails",  there  is  little 
concensus  among  educators  on  appropriate  learning 
prescriptions  for  success* 

Few  physics  instructors  would  disagree  with  the  premise 
that  they  would  like  to  accomplish  two  main  goals  with  their 
course*    One  goal  being  that  the  student  is  able  to 
articulate  some  physics  "knowledge"  (e*gw  a  net  force  on  a 
body  produces  an  acceleration  equal  to  the  quotient  of  the 
lorce  and  the  hbss)  and  the  other  goal  being  that  the 
student  becomes  aware  of  when  it  is  appropriate  to  apply  a 
particular  piece  of  "physics  knowledge"* 

Instructors  prepare  lectures  which  include  several 
"clever"  demonstrations  and  derivations;  they  plan  labs 
which  either  provide  personal  encounters  with  classical 
events  or  "state-of-the-art"  technology* 

Yet  the  data  provided  in  Fredette  and  Lochhead  (1980) , 
Clement (1979) ,  Fredette  and  Clement (1981) ,  Fredette ( 1981 ) , 
and  Steinberg  (1984) ,  to  name  a  few,  suggests  a  need  for 
curriculum  plcinners  to  rethink  the  foundations  upon  which 
their  courses  are  built*    The  data  described  in  these  papers 
suggest  that  students  nake  serious  errors  when  asked  to 
apply  physics  knowledge  in  some  supposedly  sinple  problems; 
we  read  of  errors  which  we  teachers  would  hardly  expect  our 
students  to  nake  -  given  the  excellent  instruction  they 
receive*    The  truth  of  the  matter  is  that  if  any  of  us 
closely  examine  the  wcrk  of  our  "good",  "non-major" 
students,  we  will  find  similar  errors  occuring  in  a  similar 
incidence* 

In  Riley (1983) ,  one  finds  the  report  of  a  study  where 
instructional  methods  with  respect  to  the  learning  of 
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physics  were  examined ♦    Specifically,  the  Riley  paper 
describes  several  investigations  in  which  instructional 
models  based  on  a  fundaiiientally  Gestalt  cognition  theory 
were  tested.   As  in  most  educational  research  projects ,  the 
results  have  not  been  eartJi-shaking  but  the  researcher  is 
encouraged  and  feels  the  study  worth  pursuing. 

The  specific  computer  application  being  suggested  here 
is  partly  in  response  to  a  conviction  that  learning  is  most 
effective  when  there  is  a  sense  of  context  for  the  learner; 
tids  is  consistent  with  the  cognitive  development  model  of 
Piaget  as  well  as  the  "Whole-Parts  Schema"  described  by 
Riley.    It  is  also  partly  in  response  to  a  sense  that 
college  students  in  the  year  1987  ought  to  have  a  personal 
encounter  with  this  particular  tecnological  device.  These 
two  major  concerns  have  been  translated  into  the  development 
of  a  corr^ter  application  which  has  the  potential  of 
enhancing  the  learning  of  physics. 

The  author  of  this  paper ,  on  the  basis  of  20  years  as  a 
college  physics  professor  acting  as  the  instructor  in  every 
aspect  of  the  introductory  physics  course,  has  come  to 
believe  that  independent  student  laboratory  work  (both 
physical  and  mental)  is  the  area  most  in  need  of  strength- 
ening.  This  experience  has  shown  that  many  students  view 
the  laboratory  experience  as  an  entity  unto  itself.  The 
people  being  referred  to  nere  come  to  gather  a  specific 
collection  of  numbers  as  efficient  /  as  possible;  there 
seems  little  concern  over  the  possibility  that  the  data  is 
either  inapproriate  or  incomplete.    Furthermore,  previously 
cited  research  indicates  that  many  perceive  no  connection 
between  the  data  gathered  in  the  laboratory  and  other 
aspects  of  the  course.    Data  from  a  variety  of  sources 
(Larkin  and  Reif  (1978)  is  one)  does  suggest  that  students  do 
not  readily  create  larger  knowledge  structures  without  en- 
vironmental cues  tliat  it  is  appropriate  to  do  so.    The  algo- 
rithm to  be  described,  in  the  form  of  a  computer  program, 
has  been  designed  with  these  learning  precepts  in  mind. 
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The  optimum  solution  is  obvious:  create  a  student  sense 
of  personal  responsibility  for  solving  a  prc^lem  or 
answering  a  question  yet  provide  some  sort  of  as-needed 
structure  and  assistance.    The  operating  environment  must 
require  that  the  student  take  an  active  role  in  deciding 
what  to  do  next  as  well  as  allow  for  "professional"  urging 
or  help.    In  the  proposed  plan,  it  is  suggested  that  the 
instructor  withhold  some  of  the  detail  of  the  experiment 
procedure;  whatever  parts  it  is  felt  will  produce  ambiguous, 
yet  not  completely  disastrous  results.    Students  must  have 
enough  pf  a  sense  they  are  on  the  rignt  track  toward 
completing  the  required  work. 

As  part  of  his  wrk  in  lab,  the  student  is  required  to 
develop  a  tentative  (or  "final")  answer  to  the  problem  being 
worked  on. 

The  compater  becomes  an  "advisor"  whose  level  of 
subtlety  m  ics  degree  of  interation  with  students  will  be  a 
consistent  one.    The  best-written  conputer-instruction  sets 
have  a  high  degree  of  "intelligence"  whF"  it  comes  to 
individualizing  the  level  of  subtlety. 

The  Laboratory  Pioblem  which  Utilizes  Program  GRAVITY 

One  experiment  common  to  most  first  semester  intro- 
ductory physics  courses  is  one  in  which  the  student  is  asked 
to  determine  the  rate  of  acceleration  associated  with  some 
component  of  the  earth's  gravitational  force.    At  this 
point,  it  is  useful  to  introduce  the  following  convention: 
whenever  the  word  *^vjRAVITY"  appears  thusly  (fully 
capitalized) ,  it  refers  to  the  particular  computer  program 
and  its  application  being  presented  here. 

gravity's  role  enters  with  the  student's  independent 
determination  of  "the  answer"  to  the  problem  assigned.  In 
this  case,  it  is  the  rate  of  acceleration  of  some  rolling, 
sliding,  or  perpendicularly  free-falling  object.    Then,  in 
what  may  be  considered  a  non-threatening  encounter  (GRAVITY 


has  no  part  in  the  student  evaluation) ,  the  student  presents 
the  corputer  with  both  raw  data  3Jk3  the  calculated  result. 
In  return,  the  student  is  given  a  report  on  the  quality  of 
his  work  by  comparing  his  results  with  those  considered 
expert  as  well  as  those  for  the  same  experiment  as  performed 
by  other  students.    A  sample  program  run  makes  up  figure  1. 
Hie  program  was  written  for  the  standard  personal  comp»jter 
configuration  thus  all  user-input  is  through  a  keyboard  and 
the  output  to  the  student  is  through  the  machine's  video 
screen.   Optionally,  output  is  available  in  printed  form; 
figure  1  includes  both  screen  output-  and  "hard-copy"  (output 
via  a  printer).    Ttie  next  section  is  a  review  of  figure  1. 

GRAVITY  in  the  Laboratory 

All  of  the  typewritten  material  making  up  the  first  page  of 
figure  1  would  normally  appear  only  on  the  video  screen. 
The  program  output  was  planned  for  an  80  column  by  24  line 
screen.    Itiis  author  has  added  hand-prxnting  and  hand-drawn 
bracing  to  distinguish  actual  conputer  output  from  notes 
added  for  discus sive  purposes  here. 

The  material  included  in  the  section  braced  by  the 
label  "A"  ought  to  be  part  of  any  stored  prcJgram  which  is 
put  into  use  infrequently.    This  section  appears  on  the 
screen  at  the  ottset  of  the  program  run.    As  can  be  seen,  it 
includes  a  reminder  to  the  instructor  about  printer  settings 
and  presents  whatever  the  'master*  program  user  hat>  as 
options. 

The  section  braced  by  the  letter  "B"  is  what  may  be 
called  the  apparatus  or  procedure  data  distinguisher. 
Rather  than  distinguishing  the  data  by  person  or 
experimental  t^am,  it  is  grouped  according  to  apparatus.  It 
then  becomes  possible  to  ask  reviewers  to  comnent  on  whether 
or  not  "better"  results  tend  can  be  associated  with  any  one 
procedure  m  particular.    Such  a  grouping  also  discourages 
attempts  to  personalize  data  quality.  More  will  be  said 
later  about  the  value  of  identifying  data  this  way. 
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STOPPED:  '1*  win  »t«rt  progr«B  «new;*2*  vill  add  to 
existing  file.  '999'  at  DEVICE  mpjt  will  rf«"P  to  disc 
(save  file  s^&ul<!/wlll  be  en  current  drive) 

 'lO'  AT  DSVICE  J^Pt•T  WILL  DUHP  ALL  TO  PRINTER 

 SET  BAUD  RATE  OF  PRINTER  AT  1200-  ana  cnaracters  to  IC/in 

OPTION?  2 


(tnter  the  nur-fcer  of  thr  experiment  for  wnien  you  are  providing  data 
dropped  ball  -  Hi 
ball  and  rail  -  (2) 
«ir  track  -  (31 


8< 

Device  or  option  selection?  3 

Jhis  trial  will  be  identified  as  NUMBER  68 

i'riae  m  seconds?  1.72 
Distance  m  p>eters?  1.125 
Angle  in  degrees    ?  5.2 
Hass  In  Kilograss  ?  .450 
Has  your  data  been  entered  correctly  (l«yes;  O»nol ?  1 


TRIAL 
66 


DEVICE 
3 


«THER  TRIALS 
!  50 
I  51 
I  52 
!  53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 


0< 


CLE 

DISTANCE 

HASS 

TIME 

DIFF 

5.2 

1.125 

0.450 

1.72 

14 

90 

1.38 

.084 

.534 

1 

2.4 

.67 

1.96 

1.821 

1 

2.4 

.67 

1.96 

1.83 

2 

2.4 

.67 

1.96 

1.798 

1 

11 

1.3 

.05 

1.3 

17 

11 

1.3 

.05 

1.28 

IS 

11 

1.3 

.05 

1.26 

12 

11 

1.3 

.05 

1.24 

9 

11 

1.3 

.05 

1.22 

6 

4.2 

.66 

1.96 

1.351 

4.2 

.68 

1.96 

1.367 

I 

4.2 

.68 

1.96 

1.335 

6 

4.2 

1.1305 

1.96 

1.692 

10 

4.2 

1.135 

1.96 

1.682 

11 

4.2 

1.1305 

1.96 

1.682 

11 

4.2 

1.1305 

1.96 

1.688 

iO 

7.77 

.645 

.625 

.89 

22 

4.2 

1.1305 

1.96 

1.679 

11 

PRESS  <ENTEft>  OP  <PETORN>  TO  INPUT  MORE  LATA 


(Enter  the  number  of  the  experiment  for  which  you  a'-e  providing  data 
<    dropped  ball  -  (l) 
!  ball  and  rail  -  (2) 
"         air  track  -  (3» 

I 
I 


Dirr 

16672 
33 

3  2  9.96  2"  0.126  2-0  41 

31 
1 
0 
27 
19 
29 
26 


rice  or  option 

selectiOf'i? 

10 

PRINTER 

ON? 

TRIAL 

DEVICE 

amgle 

DISTANCE 

MASS 

TIME 

1 

2 

9.96 

100 

0.120 

1.3 

2 

2 

9.96 

1.5 

0.120 

1.6 

3 

2 

9.96 

2 

0.120 

2.0 

4 

2 

8.5 

2 

0.120 

2.0 

5 

1 

90 

1.709 

0.045 

0.6 

6 

1 

90 

1.7 

0.045 

0.6 

7 

2 

8.22 

1 

0.120 

1.4 

8 

2 

8.22 

:.d 

0.120 

1.8 

9 

2 

8.22 

2 

0.120 

2.0 

10 

12 

1.9 

0.015 

1.6 

The  number  "68**  in  the  line  "This  trial  ...68"  is  set 
by  the  program  with  each  new  student  input  changing  the 
value  of  this  na.iber  by  1.    The  numbering  is  kept  accurare 
by  conditional  statements;  instructor-exercised  options  as 
well  as  altered  entries  do  not  increment  the  numbering 
procedure.  In  tl?^s  program,  the  number  "68"  is  highlighted 
by  reverse  video  (dark  characters,  light  background) .  This 
number  is  for  the  student's  own  reference. 

Data  (numbers  only)  provided  by  the  student  may  be 
found  in  the  series  of  boxes  within  the  section  braced  by 
the  letter  "C".    Unless  the  programmer  is  clever  enough  to 
en?>loy  "screen  codes"  for  data  entry  (the  procedures  used  by 
writers  of  "spread-sheet"  programs) ,  alteration  of  data 
which  has  been  entered  on  seme  previous  line  requires  a 
specific  option  such  as  the  the  last  line  of  this  section. 
If  the  student  enters  a  "0"  at  this  query,  the  computer  runs 
through  its  prompts  one  more  time  without  incrementing  the 
trial  iiumber;  previously-entered  data  is  written  over. 

A  dotted  line  encircles  section  "D".  itiis  array  of 
information  is  the  greatest  number  of  lines  displayed  at  any 
one  tinre  by  a  computer  operating  under  the  CP/M  or  ,oDOS 
operating  systems.    In  addition  to  the  data  set  3ust 
entered,  data  from  the  most  recent  18  trials  is  also 
displayed.    Typing  *999*  at  the  device  selection  overwrites 
the  student-data  file  which  existed  at  the  beginning  of  the 
session  or  it  creates  one  if  none  existed  previously. 
Figure  1  (section  "E")  is  a  sample  computer  outputs  for  one 
instructor  option  which  may  be  exercised  (other  than 
quitting  the  program)  after  the  students  have  entered  data. 
When  *10*  is  typed,  all  student  data  beginnir^g  with  trial  1 
IS  printed  out. 

Figure  2:  The  Program  Listing  for  GRAVITY 
The  dibcussion  which  follows  assumes  an  introductory 
knowledge  of  the  BASIC  language  as  it  is  unplemented  on 
virtually  any  computing  system. 


Staterrtents  110-150:  The  use  of  "Arrays"  is  a  standard 
approach  to  retaining  several  values  of  some  vciriable  within 
the  execution  of  a  program.  "Dimensioning"  sets  the  maximum 
'^'•nber  of  thiese  values  to  be  stored.    In  this  case,  one- 
dimentionaJ  arrays  have  been  created  for  each  variable.  The 
purpose  of  the  DEFINT  statement,  which  appears  in  line  180, 
conserves  memory  and  speeds  up  disk  read/write 

Statement  170:  Declares  string  ^'^riables  (sets  of  characters 
which  have  no  numerical  value)  to      used  later  with  the 
PRINT  USING  statement  (to  be  explained  later) 

Statements  230-350:  Reminders  to  t-he  Instructor-user: 
Practices  which  make  for  rapid  reading  are  important  to 
consider  here;  hence  the  use  of  PRINT  statements  to  create 
blank  lines  along  with  tabbirig.    Bear  in  mind  that  this  user 
needs  to  be  reminded  of  any  practices  or  "hidden"  options 
whose  inappropriate  use  may  result  in  the  "hanging-up"  (the 
coaster  no  longer  recognizes  input  from  the  keyboard)  or 
the  "trashing"  (the  program  is  exited)  of  recently-entered 
student  data.    The  pedagogical  value  of  this  particular 
operation  is  of  particular  interest  to  this  author  and  will 
be  discussed  further  in  a  later  section. 
Lines  410-490:  Ttiis  is  the  section  where  the  terms  under 
which  the  data  may  be  sorted  are  described.    The  facts  that 
keyboard  entries  are  limited  by  the  "sieve"  statement  in 
line  880,  and  that  this  running  point  marks  the  beginning  of 
the  student-use  cycle  make  this  the  appropriate  place  to 
allow  instructor  intervention. 

Statements  490-530:  Keyboard  entries  of  '10'  and  *999*  will 
produce  printouts  of  all  data  and  the  saving-to-disk  of  all 
student  data.  If  a  student  user  should  inadvertently  enter 
these  numbers,  no  serious  harm  will  come. 

Statements  570-650:  Each  computer  prompt  is  a  request  for 
one  piece  of  data;  I  have  had  little  success  with  prompts 
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Program  ListiJKj  for  GRAVITY 

10  'program  name:  GRAVITY 
30  'Revised  7/8/87 

50  'AUTHOR:  Norman  H.  Fredette,  Physics  Department 

70  '  Fitchburg  State  College,  Fitchburg  MA,  01420 

90  K£Y  OFF 

HQ  '  —  Dimensioning  arid  declaration  of  variables 
130  DEFIWr  C,Y,I,X,Z:C=1 
150  DIM 

G(300) ,DIFF{300) ,Y(300) ,M(300) ,AN(300) ,DI (300) ,T(300) 
170  A$="##.#'^B$="###":C$-"#" 
190  CLS 

210  PRINT: PRINT: PRINT 

230  '  —  Reminders  to  the  instructor 

250  PRINT"STOPPED;  '1'  will  start  program  anew;* 2'  will  add 
to" 

270  PRlNT"existing  file.  *999'  at  DEVICE  input  will  dump  to 
disc" 

310  PRINT       '10'  AT  DEVICE  INPUT  WILL  DUMP  ALL  TO  PRINTER" 

330  PRINT"  -SET  BAUD  RATE  OF  PRINTER  AT  1200-  and 

characters  to  10/in" 

350  INPUT  "0PTIC»4";Z:  IF  Z=2  THEN  GOTO  1230 

370  CLS:PRINT:PRINT:PRINT 

390  '  — Student  input  of  data 

410  PRINT"Enter  the  number  of  the  experiment  for  which  you 

are  providijig  data:** 

430  PRINT"    dropped  ball  -  (1)** 

450  PRINT**  ball  and  rail  -  (2)'* 

470  PRINT"        air  track  -  (3)" 

490  PRINT: PRINT: INPUT  "Device  or  option  selection"; Y(C) 
510    IF  Y(C)=10  THEN  GOTO  1430 
530  IF  Y(C)'99?*THEW  GOTO  1330 


Figure  2  (cont.) 


550  PRINT"This  trial  will  be  identified  as  NUMBER  ";:COU)R 

0,7:PRINT  C:C0LOR  7,0 

570  PRINT:  INPUT  "Time  in  seconds" ;T(C) 

590  INPUT  "Distance  in  neters";DI (C) 

610  IF  Y(C)=1  THE24  GCrTO  650 

630  UJPUT  "Angle  in  degrees  ";AN(C) 

650  INPUT  "Mass  in  kilograms  *';M(C) 

670  *  — opportunity  to  alter  inforration 

690  INPUT  "Has  your  data  been  entered  correctly  (l=yes; 

0=no)";Z 

710  IF  Z=0  THEN  CLS:PRINT  "Enter  data  anew:":GOTO  570 
730  *  — algebraic  nanipulation  of  student  data 
750  IF  Y(C)=1  THEK  AN(C)=90 

770  G(C)  =2*DI  (C)  /  (SIN  (AN (C)  *3 . 1416/ 180)  *T  (C)  "^2) 
790  DIFF(C)  =  A3S((G(C)-9.8)/9.8)*100 
810  '  — evaluation  of  data  just  ene^-ered 
830  CLS 

850  PRINT**      TRIAL     DEVICE     ANGLE     DISTANCE  MASS 

TIME  DIFF" 

870  PRINT  TAB(5) ;C; 

890  PRINT  TAB(12);Y(C)7 

910  PRINT  TAB(22);AN(C); 

930  PRINT  TAB(31);DI(C); 

950  PRINT  TAB(40);USING  "# .###";M(C) ; 

970  PRINT  TAB(50);T(C); 

990  PRINT  TAB(58);USING  B$;  DIFF(C) 

1010  *   listing  of  up  to  18  most  recent  student  trials 

1030  IF  C=l  THE^J  GOTO  1130  ELSE  PRINT  "OTHER  TRIALS" 
1050  FOR  I=C-18  TO  C-1:IF  I>0  THEN  PRINT 

TAB(5) ;I;TAB(12) ;Y(I) ;TAB(22) ;AN(I) ;TAB(31) ;DI (I) ;TAB(40) ;M(I) ; 
1070  IF  I>0  THEN  PRINT  TAB(50) ;T(I) ;TAB(58) ; 
1090  IF  I>0  IHEN  PRINT  INT(DIFF(I)) 
1110  NEXT:GOIO  1130 

1130  PRINT  "PRESS  <ENTER>  OR  <RETURN>  TO  INPUT  MORE  DATA" 
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Figure  2  (contj 


1150  AA$=INKEY$:IF  AA$=CHR$(13)  GOTO  1210 
1170  GOTO  1150 

1190  •  —  save  all  data  to  disc;  overwrite  existing  file 

1210  C=C+1:G0T0  370 

1230  0PEN"I",1,"P0LL6.SAV" 

1250  INPJT#1,C:F0R  1=1  TO  C:INPUT#1, 

Yd)  ,DI  (I)  ,AN(I)  ,M(I)  ,T(I)  ,G(I)  ,DI?F(I)  :NEXT 

1270  CLOSE  #1 

1290  C=C+1:G0T0  370 

1310  *  —  retrieve  data  from  previous  Ic; 
1330  0P£N"0''a,"R0LL6.SAV":C=C-l 
1350  WRITE#1,C:F0R  1=1  TO 

C:WRITE#1,Y(I)  ,DI    )  ,AI>I(I)  ,M(I)  ,T(I)  ,G(I)  ,DIFF(I)  :NEXT 
1370  CLOSE  #1:0=0+1 
1390  GOnr  410 

1410  •        hard  copy  of  all  student  data  in  memory 
1430  PRINT"  IS  PRINTER  ON?" 

1450  LPRINT"     TRIAL     DEVICE     ANGLE     DISTANCE  MASS 
TIME  DIFF" 

1470  FOR  1=1  TO  C-1:LPRINT 

TAB(5) ;I;TAB(12) ;Y(I) :TAB(22) ;AN(I) fTAB(31) ;DI (I) ; 

1490  LPRIMT  TAB(40)?USING  "# .###"?M(I) ; 

1510  LPRINP  rAB(50);USING  A$?T(I); 

1530  LPRINP  TAB(56);U3ING  B$?DIFF(I) :NEXT:G0TO  410 

1550  END 
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which  request  several  pieces  of  data  separated  oy  commas. 
Separate  prompts  for  each  variable  also  allow  for  easier 
transformation  to  another  collection  of  variaoles.  Most 
programmers  tend  to  limit  user  input  to  all  computer  prompts 
with  statements  which  act  like  a  sieve;  permitting  the 
program  to  continue  only  if  keyooard  entries  fall  witiiin 
certain  bounds.    Because  these  statements  are  often 
difficult  to  write  (the  programmer  must  anticipate  all 
inapropriate  entries),  this  author  often  doesn't  bot-her  with 
them  at  all  because  the  risk  has  never  proven  that  much  of  a 
problem. 

Statements  690-710:  This  is  an  unportant  of  .ion  because 
students  often  confound  their  data  entries;  a  fact  which 
becomes  obvious  to  them  only  when  the  entry  process  is 
complete.    If  the  student  enters  *0',  the  trial  number  is 
not  incremented  and  the  entire  query  sequence  is  run  through 
once  again. 

Statements  750-790:  Here,  the  computer  calculates  the 
student  result  and  compares  it  with  the  "accepted"  value. 
Note  that  the  student  is  not  informed  cf  this  calculated 
result  in  the  screen-print  which  comes  next. 
Statements  850-990:  Along  with  a  repeat  of  the  data  ]ust 
entered,  the  student  is  given  a  comparison  of  other  student 
result  as  well  as  some  indication  of  how  each  result 
compares  to  theoretical  expectations  from  the  simplest 
system,    print  USING  statements  are  designed  to  acconplish 
two  things:  1,)  to  liinit  the  reported  digits,;  2.)  to 
"right- justify"  the  numbers  for  easier  (more  rapid) 
conparison,    PRINT  USING  statements  cannot  be  mixed  on  the 
same  program  line  in  this  particular  version  of  BASIC, 

Line  1030:  a  sieve  statement  for  the  case  of  no  previous 
student  data 


3.99 


statements  1030-1170:  Produces  a  listing  of  other  studenc 
trials.  The  number  reported  is  limited  to  a  screenful  of 
both  the  student's  own  data  and  the  most-recent ly  entered 
data  for  the  same  device  (or  procedure) . 

Statements  1190-1370:  This  sequence  produces  the  data 
transfer  between  computer  and  disc  storage.    The  statements 
here  describe  "sequential  file"  operations.    An  alternative 
operation,  called  "random  file"  accessing  is  preferred  by 
some  progranmers  because  this  latter  type  can  be  designed  to 
take  up  less  disc  space  but  it  must  also  be  defined  more 
carefully. 

Statements  141C-1530:  This  is  the  sequence  which  provides  a 
carry-away  copy  of  all  student  data  and  calculated  results; 
note  that  the  calculation (s)  required  of  the  student  are 
included  here. 

Using  Computers  to  check  student  calculations 
Progranis  such  as  the  one  to  be  discussed  were  developed 
as  a  way  of  encouraging  students  to  follow  their  data 
through  to  a  calculated  result  while  the  apparatus  is  still 
available  to  verify  the  raw  measurements.    Some  may  find  it 
"overkill"  to  use  a  computer  as  a  calculation  check;  others 
see  this  device  as  providing  an  opportunity  for  the 
laboratory  instructor  to  concentrate  his  or  her  efforts  on 
helping  the  student  comprehend  the  fiiysirs  rather  than 
identifying  the  mathematical  reason  for  an  inappropriate 
calculated  result. 

Clearly  one  of  the  goals  of  any  physics  course  is  the 
achievement,  on  the  part  of  the  student,  of  a  certain  degree 
of  "f^ysics  literacy".   The  make-up  of  that  literacy  is 
often  moot  so  the  intent  of  providing  this  computer 
interaction  is  not  so  much  an  argument  for  the  content  as  it 
is  the  style. 


Another  goal  addressed  through  this  program  is  that  of 
ensuring  that  the  student  has  infonrBtion  applicable  to 
writing  an  appropriate  lab  report  before  he  or  she  leaves 
the  data-gathering  time  and  place. 

Evaluating  Data  from  the  Ballistic  Pendulum  Experiment 

The  Ballistic  pendulum  remains  an  experiment  in  many 
introductory  physics  laboratories  because  it  provides  an 
accurate  case  of  the  dynamical  issues  associated  with 
"perfect"  inelastic  collisions  (i.e.  -  momentum  is  conserved 
while  mechanical  kinetic  energy  is  net) .  Vhe  experiment 
requires  only  two  operations.    First,  the  student  "fires" 
the  ball  from  a  position  which  is  located  about  one  meter  up 
from  the  floor;  the  pendulum  has  been  removed  and  the  gun  is 
horizontal.    Using  information  about  the  ball's  horizontal 
and  vertical  displacements.,  the  student  presumably  can 
determine  the  ball's  initial  velocity  as  it  leaves  the  gun. 
In  reality,  few  students  can  actually  do  this  successfully 
on  thf»  first  try.    Furthermore,  without  prodding,  few 
realize  that  their  incorrect  answer  is  indeed  incorrect.  It 
then  becomes  someone's  responsibilty  to  help  them  realize 
the  situation  and  to  do  so  in  a  developmental  ly-helpful 
way. 

The  second  operation  is  that  of  firing  the  ball  into 
the  pendulum.    Using  measurements  of  the  system's  change  in 
vertical  displacement  after  the  coll".sion  (along  with  the 
masses  and  just-determined  initial  velocity  of  the  ball) , 
changes  in  momentum  and  mechanical  energy  of  each  member  of 
the  system  are  determined  and  physically  evaluated. 
Using  BALLPEND  in  the  Laboratory; 

This  author  has  used  a  single-page  laboratory 
instruction  sheet  for  this  experiment  in  which  the 
operations  are  described  but  the  calculations  r*Ke  not. 
Students  are  simply  asked  to  determine  several  descriptors 
from  socre  measurunent  or  measurements. 

4"r 
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Calculated  values  requested  are: 

1.  Initial  velcx:ity  of  the  ball  from 
the  displacement  corrponents; 

2.  Kinetic  Energy  of  the  ball  before 
impact  with  the  pendulum 

3.  Change  in  Potential  Energy  of  the 
ball /pendulum  after  xnpact 

4.  Iniiial  kinetic  energy  of  the  ball/ 
pendulum  just  after  impact  from 
Changes  in  momentum. 


Discussion  of  the  Sanple  Run; 

Figures  3a  and  3b  represent  exanple  uses  of  this 
program  as  might  be  experienced  by  students.    The  section 
labeled  "A"  in  figure  3a  shows  the  interaction  with  a  person 
who  has  done  all  of  the  calculations  correctly.    Values  for 
all  directly-observed  data  are  requested  in  the  units  as 
measured  (before  any  conversion) ;  the  rationale  here  being 
that  many  calculated  values  turn  out  to  be  incorrect  simply 
because  of  mistakes  in  unit-conversion.    It  is  not  unusual 
for  a  person,  when  converting  grams  to  kilograms,  to  divide 
by  100  instead  of  the  required  1000  and  the  program  has  been 
structured  to  pick  up  such  errors. 

Notice  that  the  phrase  "..value.,  corresponds  to  your 
dat-a"  is  used  rather  than  some  other  phrase  which  passes 
judgement  on  the  quality  of  the  data.    For  those  v^o 
successfully  conplete  the  calculations  correctly,  the  bottom 
line  asks  the  question  —  "...  is  this  acceptable  according 
to  theory?".   The  djxect  implication  is:  this  81%  difference 
is  a  function  of  something  other  than  miscalculation.    It  is 
likely  related  to  either  a  failure  to  be  careful  enough  or, 
it  is  a  physically  expected  difference!    Sorting  out  the 
options  is  left  to  the  written  report. 

Section  "A**  of  figure  3b  shows  what  happens  v*ien  the 
user  enters  a  miscalculated  value  (in  this  case,  the  person 
correctly  calculated  the  velocity  but  incorrectly  calculated 
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the  kinetic  energy'.    The  2%  allowance  is  provided  for 
"rounding-off"  and  is  based  largely  on  e^rience  with  this 
particular  experunent.   The  program  is  written  to  interrupt 
at  the  earliest  point  at  which  a  miscalculated  value  is 
entered  and  then  print  the  message  shown  at  the  bottom  of 
this  section.    Recall  that  students  are  asked  to  note  their 
particular  trial  number  so  that  when  they  do  return  to  the 
computer,  they  need  not  re-enter  all  previously  identified- 
as-correct  raw  data  and  calculated  values. 

Section  "B"  of  figure  3b  is  an  exanple  of  a  case  where 
the  student  had  previously  entered  an  appropriate  value  for 
velocity  but  not  for  energy.    Thus  when  that  person  enters 
"2"  (the  trial  number)  the  terminal  prints  out  all  the 
previous  information  (stored  in  computer  memory)  up  to  the 
last  incorrect  value;  it  pauses  foj  the  ne/ly  calculated 
value  and  if  found  acceptable/  goes  on  to  the  next  request. 

Program  Listing  for  BALLPPTO;  Figure  4 

There  were  three  main  issues  which  had  to  be  resolved 
m  the  writing  of  this  program  and  aH  three  were  related  to 
the  use  of  logical  arguments.    First/  there  were  those  which 
vould  evaluate  student  Input;  these  are  straight-foreward 
and  not  unliJce  those  appearing  in  GRAVITY.    The  second  use 
of  logical  arguments  related  to  the  identification  of  all 
data  and  calculated  values  for  some  given  trial.    The  third 
involved  the  printing  out  of  stored  information  as  the 
student  returns  to  enter  information  anew;  these  last  argu- 
ments turned  out  to  be  the  most  difficult  to  write. 

Space  does  not  allow  for  a  detailed  discussion  of  the 
program  so  suffice  it  to  say  that/  except  for  the  more 
conplicated  logical  structure/  programning  style  parallels 
that  discussed  in  the  case  of  GRAVITY. 
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Figure  4 


Listing  for  Ballistic  Pendulum  Program 

10    '  Program  name:  BALLPEWD.BAS  ;  REVISED  7/9/87 

30    •  Author:  Norman  H.  Fredette,  Physics  Deaprtment 

50    '  Fitchburg  State  College,  Fitchburg/  MA;  01420 

70  •  —  Dimensioning  of  variables 

90  DEFINT  C/I/Z:C=1 

110  DIM 

MB(300) /MP(300) /X(300) /y(300) ,VB(300) /H(300) /KE(300) /L(300) 
130  DIM 

VC(300) /KEC(300) /PA(300) /KA(300) /KAC(300) /PAC(300) ,DIFF(300) 

150  CLS:  PRINT:  PRINT  PRINT 

170  '  —  Student  input  of  data 

190  PRINT"EVALUATIONS  OF  CALCULATIONS  RELATING  TO  THE 
BALLISTIC  PENDULUM" 
2i0  PRINT 

230  PRINT  "If  basic  data  (mass  of  the  ball  etc)  has  already 
been  entered/" 

250  PRINT  "and/  you  DO  NOl*  wish  to  change  them,  then  — " 
270  INPUT  "enter  the  number  of  the  trial;  otherwise,  enter 
"0»";J 

290  IF  J>0  THEN  PRINT  "Basic  data  for  trial 
#";J:G=C:C=J:GOTO  1790 

310  PRINT  "This  trial  will  be  identified  as  NUMBER"; : COLOR 
0/7:PRINT  C:OOL0R  7/0:L(C)=0 
330  INPUT  "Mass  of  the  ball 

(grams)  ";MB(C) 

350  IF  MB(C)=999  THEN  1730 

370  INPUT  "Mass  of  the  pendulum 

(grams)  ";MP(C) 

390  MP(C) =MP(C) /1000:MB(C) =MB(C)/1000 

410  PRINT  "The  following  two  requests  relate  to  the 

situation  in  vA\ich  the" 

430  PRINT  "pendulum  is  NOT  in  place:" 
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Figure  4  (contQ 


450  INPUT  "Horizontal  distance  traveled  by  ball 

(meters)  "^'XCO 

470  INPUT  "Vertical  distance  traveled  by  ball 
(meters)  •';y\C) 

490  INPUT  "Your  calculation  of  the  ball's  initial  velocity 
(m/s)  ";VB(C) 

510  INPUT  "Has  your  data  been  entered  correctly  (l=yes; 
0=no)*';Z 

530  IF  Z=0  THEN  CLSiPRINT  "Enter  data  anew:":u>rO  330 

550  •  —  next  GOTO  is  the  math  eval.  of  vel.  of  ball  before 

collision 

570  GOTO  970 

590  COWR  0r7:PRINr  "Yoi'r  value  for  the  velocity  corresponds 
to  your  data  -Good  going!":00IOR  7,0:PRINr:L(C)=l 
610  INPUT  "Kinetic  Energy  of  the  ball  before  collision 
(J)  ";KE(C) 

630  •  —  next  GOTO  is  nath  eval.  of  KE  of  ball  before 

collision 

650  GOTO  1130 

670  OOIOR  0r7:PRINr  "Calculation  of  this  KE  OK;  — 
Good":OOU)R  7rO:PRINr:L(C)  =2 

690  INPUT  "Change  in  vertical  displacement  of  ball/pendulum 

(cm)  ";H(C) 

710  H(C)=H(C)/100 

730  PRINT:  INPUT  "Change  in  Pot.  Energy  of  the  ball/pendulum 
after  collision  (J)..";PA(C) 

750  •  —  next  GOTO  is  math  eval  of  change  in  PE  after 

collision 

770  GOTO  1190 

790  COIOR  0r7:PRINr  "Our  calculations  for  the  potential 
energy  agree.  Good";:OOIX)R  7,0: 
810  PRINr:L(C)=3 
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Figure  4  (cont) 


830  PRINT:  PRINT  "Now,  based  on  Conservation  of  momentum  for 
the  ball/pendulum  " 

850  PRINT  "system,  what  must  be  the  Kinetic  Energy  of  the" 
870  INPUT  "ball/pendulum  imnediately  following  the  collision 
(J)   ^•KA(C) 

890  '          next  GOTO  is  math  eval  of  KE  of  ball/pendulum  just 

after  collision 
910  GOTO  1250 
930  CLS 

950  '   all  math  evaluations  follow 

970  VC(C)=X(C)*SQR(9.8/(2*y(C))) 

990  IF  ABS  (VC(C)-VB (OX. 02*^^/0(0  THEIJ  590 

1010  PRINT  "Using  the  data  provided  here,  your  calculation 

of  this  last" 

1030  PRINT  "quantity  is  net  within  2%  of  the  value 
calculated  by  the  computer." 

1050  PRI^rp  "  Please  recheck  your  work." 

1070  GOTO  1570 

1090  IF  G>0  THEN  C=G:G=0:  C=C+1:G0TO  15C 

1110  C=C+1:G0TO  150 

1130  KEC(C)=.5*MB(C)*((VB(C))"2) 

1150  If  ABS(KBC(C)-KE(C))<.02*lTC(C)  THEN  670 

1170  QCXiX>  1010 

1190  PAC(C)  =  (MB(C)+MP(C))*H(C)*9.8 

1210  IF  ABS(PAC(C)-PA(C))<.02*PAC(C)  THEN  790 

1230  GOTO  1010 

125  0  KAC  (C)  = .  5*  (MB  (C)  ♦VB  (C) )  ^2/  (MP  (C)  +MB  (C) ) 
1270  IF  ABS(KAC(C)-KA(C))<.02*KAC(C)  THEN  1310 
1290  GOTO  1010 

1310  OOIOR  0,7:PRINT  "your  calculation  of  the 

ball /pendulum's  kinetic  energy  is" 

1330  PRIIT  "  correct  according  to  your  data. 

G0OD!";:COK)R  7,0: 

1350  PRINT:L(C)-4 
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Figure  4  (cont J 


1370  DIFF  (C)=ABS(KA(C)-PA(C))  :PRINr:PRINr:PRINr 

1410  IF  DIFF(C)<*03  THEli  COLOR  0,7:PRINr  "YOUR  TECHNIQUE 

MUST  HAVE  BEEN  GOOD  TOO  BECAUSE  YOUR  ERROR  WAS  LESS  THAN 

3%" 

1430  IF  DIFF (CX. 03  THEU  PRINT  "  CONGRATULATIONS  

— ";:O0L0R  7,0: 

1450  IF  DIFF(C)<.03  THEN  PRINT  "     BUT  ..."iGOTO  2190 

1470  IF  DIFF(C)<.08  THEU  PRINT  "YOUR  EXPERIMENTAL  ERROR  IS  A 

BIT  HIGH  FOR  THIS" 

1490  IF  DIFF  (CX.  08  THEN  PRINT  "PARTICULAR  SET-UP;  TRY  TO  DO 
IT  A  LITTLS  r'X)RE  CAREtULbx 
1510  IF  DIFF  (CX  .08  GOTO  1570 

1530  PRINT  "YOUR  EXPERIMENTAL  ERROR  (GREATER  THAN  8%) 

SUGGESTS  THAT  YOUR  MEASURING  TECHNIQUE  WAS  A  BIT  SLOPPY." 

1550  PRINT  "DO  IT  AGAIN  USING  MORE  CARE." 

1570  PRINT  "Press  <ENrER>  or  <RETURN>  to  continue" 

1590  X$=INKEY$:IF  X$=CHR$(13)  GOTO  1090 

1610  GOTO  1590 

1630  PRINT  "PRESS  <ENrER>  OR  <RETURN>  TO  CONTINUE" 
1650  X$=IN?:EY$:IF  X$=CHR$(x3)  GOTO  1370 
1670  GOTO  1650 

1690  *  —  section  which  follows  allows  for  entry  of 
calulated  values  only 

1710  *  —  assumption  is  that  basic  measurements  are  OK 
1730  INPUT  "TRIAL  NUMBER"; J 

1750  PRINT  "This  trial  will  be  identified  as  NUMBER"; : COLOR 
0,7:PRINT  J;COLOR  7,0 
1770  PRINT 

1790  PRINT  "Mass  of  the  ball 

(kilograms)  ";MB(C) 

1810  PRINT  "Mass  of  the  pendulum 

(kilograms)  ";MP(C) 

1830  PRINT  "Horizontal  distance  traveled  by  ball 
(meters)  ";X(C) 
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Figure  4  (cont.) 


1850  PRim*  ^Vertical  distance  Uaveled  by  ball 

(meters)  ";Y(C) 

1870  IF  L(C)<1  THEli  GOTO  490 

1890  PRIin*  "Your  calculation  of  the  ball's  initial  velocity 

(m/s)  ";VB(C) 

1910  IF  L(C)<2  GOTO  610 

1930  PRINT  "Kinetic  Energy  of  the  ball  before 

collision  ";KE(C) 

1950  IF  L(C)<3  THEli  GOTO  690 

1970  PRINT  "Height  to  which  ball /pendulum  was  pushed 

(m)  ,*..";H(C) 

1990  IF  L(C)<4  THE14  GOTO  730 

2010  PRINT  "Potential  Energy  of  the  ball/pendulum  at  end  of 

trip  (J)..";PA(C) 

2030  IF  L(C)<4  THEH  GOTO  830 

2050  PRINT  "Kinetic  energy  of  the  ball/pendulum  after 
collision  (J)...";KA(C) 
2070  IF  L(C)<5  THE14  GOTO  690 
2090  IF  MB(C)<>999  THE14  GOTO  1570 
2110  PRINT  "Final  kinetic  energy 

(computer)  ";KAC(C) 

213C  PRINT  "Final  potential  energy 

(computer)  ,  /;PAC(C) 

2150  PRINT  "Difference  —  conputer/user  input 

 ";DIFF(C) 

2170  GOTO  1570 

2190  PRINTiPRINT  "l,^  difference  between  the  Kinetic  Energy 
of  the  hall  before  the" 

2210  PRINT  "collision  and  the  ball/pendulum  caT±>ination  as 
It  b^igins  it  upward  journey  i*--:" 

2230  PRINT  ABS(KA(C)-KE(C));"Joules;  this  represents  a 
difference  of  ";INT(ABS(  (KA(C)-KE(C) ) / (KE(C) )*100) ) ;"%" 
2250  PRINT  "   —  is  this  acceptable  according  to  theory?" 
2270  GOTO  1570 
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Conclusion  and  Sufrnary 
tVro  prototype  programs  which  nay  be  altered  by  editing 
with  a  word-processor  were  presented.  The  rrajji  purpose  of 
the  first  (GRAVITY)  vas  to  give  students  an  evaluation  of 
the  quality  of  their  own  data  as  well  a  sunmary  of  hav  well 
other  people*  nave  done  with  the  same  procedure  or  piece  of 
apparatus.    The  instructor  is  also  given  the  OK»rtunity  to 
see  how  the  results  were  for  a  particular  lab-^oup  (the 
most  recent  trials) ,  or  for  a  particular  procedure  or  set- 
up. 

The  second  r  BALLPQ^,  was  presented  as  an  exanple  of  an 
aj^lication  where  student  calculations  are  evaluated  before 
they  leave  the  laboratory.    The  pedagogical  aspects  of  thes^e 
applications  will  now  be  discussed. 

Evaluating  Quality  of  Data 

there  is  growing  acceptance  of  the  view  that  education 
is  a  matter  of  enhancing  the  learner 'srestructuring  of  his 
or  her  own  conceptions  of  the  physical  world.  Many 
educators  believe  that  the  restructuring  process  is  a  highly 
personalized  one.    This  author  contends  that  the  computer 
programs  presented  here  assist  the  stud**  \ts  in  evaluating 
their  own  data  and  thus  are  an  important  aspect  of  any 
educational  experience. 

Typically,  laboratory  students  want  to  Yikm  "how  they 
are  doing";  they  want  to  be  assured  that  their  data  is  of 
some  significance,    if  the  laboratory  procedure  is  not  set 
up  to  encourage  "data-checking",  many  students  will  blindly 
accept  whatever  results  were  obtained  and  then  go  on  to 
either  alibi  the  inappropriate  results  or  alter  them  so  that 
they  fall  within  some  acceptable  range.    Most  laboratory 
course  structures,  at  least  in  introductory  physics,  do  not 
allow  students  to  redo  their  work  after  they  have  reviewed 
it  outside  of  the  laboratory;  the  laboratory  is  mostly 
viewed  as  an  opportunity  to  have  a  "hands-on"  encounter  with 
the  topics  considered  in  the  lecture-portion  of  the  course 
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which  in  most  instances  are  collections  of  loosely-related 
topics.    "Hius  the  lecture  schedule  sets  the  pace  of  the 
laboratory  experience  and  the  student  is  not  permitted  to 
either  redo  or  discuss  meaningless  experimental  results 
acquired  in  previous  sessions. 

Use  of  a  computer  programs  such  as  those  presented  here 
permit,  and  iixJeed  encourage,  data-evaluation  which: 

1.  )  takes  place  in  the  same  session  as  that  in  which 

the  work  was  done; 

2.  )  includes  meaningful  information  for  evaluation  of 

data-quality  yet  requires  that  the  student  manipu- 
late their  own  values  to  determine  the  result 
xequired  oy  the  instructor; 

3.  )  is  not  particularly  ego-threatening  to  the  student 

(the  instructor  will  not  be  informed  about  any 
individual's  "poor"  results); 

4.  )  is  "officially"  sanctioned  (not  clandestine). 

Benefits  to  the  Instructor 

Along  with  the  benefits  to  the  student,  the  instructor 
is  able  to  evaluate  the  effectiveness  of  any  particular 
laboratory  procedure  or  set  of  procedures.     A  review  of 
student  data  for  some  interval  (individual  lab,  day  or 
whatever)  can  yield  clues  about  v^e^her  or  not  the  students 
were  prepared  for  that  particular  investigation.  One  can 
also  pick  up  on  pieces  of  apparatus  tlat  are  not  working 
prc^rly  and  effect  a  repair  before  the  next  group  of 
students  comes  in  to  work. 

Benefits  to  the  Researcher 

The  program  easily  can  be  altered  to  allow  the 
retention  of  separate  student  data  sets  as  well  as  the 
accumulated  data  file  (add  another  disc-write  statement) .  A 
researcher  can  then  compcire  the  results  of  having  varied  any 
aspect  of  the  course  structure  like  lecture  style  or 
laboratory  procedure. 
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Erroneous  Conceptions  of  Computing  Concepts 


Jerome  P.  Galloway     and     George  W.  Brigfjt 
University  of  Houston 

With  the  increasing  influence  of  computers  on  society, 
educators  recognize  the  need  for,  and  the  importance  of, 
preparing  toda/s  youth  for  a  highly  computerir.ed  future.  This 
has  created  an  accompanying  need  for  educating  preservice  and 
inservice  teachers.  There  has  been  much  debate  over  the 
content  of  such  computer  training  (Bowman,  1986;  King,  1985), 
but  little  seems  to  be  gained  by  rehashing  that  debate.  In 
Texas,  the  content  is  dictated  by  the  definition  of  the  required 
middle/ junior  high  school  computer  literacy  course:  (a)  use  of 
utility  programs  (e.g.,  word  processsing),  (b)  writing  simple 
programs,  and  (c)  knowledge  of  terminology,  career  options, 
computer  history,  ethics,  etc. 

One  concern  about  requiring  computer  literacy  courses  for 
teachers  is  whether  those  teachers  acquire  accurate 
understandings  of  fundamental  computing  concepts.  There  has 
been  much  research  on  concepts  both  in  general  and  in  specific 
disciplines  such  as  mathematics  (Harrison  &  Harrison,  1986; 
Quintero,  1986)  and  science  (Osborne  &  Wittrock,  1983;  Posner 
&  Gertzog,  1 982),  but  there  has  been  virtually  no  study  of  the 
attainment  of  specific  or  fundamental  computing  concepts  in 
any  computing  context  other  than  programming  (e.g.,  duBoulay, 
1986;  Pea,  lioo;  Sleeman,  Putnam,  Baxter,  &  Kuspa,  1986).  The 
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knowledge  base  derived  from  p-'ogramming  research  is 
insufficient  to  permit  understanding  of  the  tiore  general  and 
diversified  content  of  computer  literacy  courses. 

Because  computer  technology  and  software  change  rapidly, 
specific  skills  ar  'ikely  to  become  quickly  obsolete.  Too, 
commands  and  functions  vary  between  software  packages  and 
between  hardware  (e.g.,  keyboard  configuration,  presence  or 
absence  of  a  "mouse"),  and  even  the  interactions  of  hardware 
and  software  vary.  Accurate  understanding  of  computers  and 
computing,  that  is,  well  developed  concepts,  is  the  key  to 
staying  computer  literate  in  these  differing  situations. 
Transfer  of  what  is  learned  to  new  situations  depends  on  the 
underlying  conceptual  base.  Hence  it  is  important  to  know  the 
nature  of  this  conceptual  base  and  how  it  develops  among 
computer  literacy  students. 

Which  computing  concepts  warrant  immediate  stu-"  is 
debatable,  but  some  seem  very  fundamental  to  computing  in 
general  and  are  common  across  a  large  variety  of  computing 
applications.  How  computing  concepts  are  to  be  de^'ned  or 
explained  and  what  may  be  accepted  as  sufficient  evidence  of 
concept  attainment  is  also  at  issue.  There  are  many  definitions 
of  common  computing  concepts,  with  differing  levels  of 
formality  and  complexity.  For  example,  one  definition  of 
input/output  is  "[refarring]  to  having  input  and  output 
capabilities"  (Hawaii,  1985,  p.  121).  Such  a  definition  hardly 
begins  to  unveil  the  complexity  of  the  input/output  concept.  If 
a  student  gave  this  definition  either  during  an  interview  or  on 
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an  exam,  further  inquiry  would  be  needed  to  verify  whether 
s/he  actually  understood  the  concept 

Command  is  defined  as  a  **request  to  the  computer  that  is 
executed  as  soon  as  it  is  received"  (Hawaii,  1985,  p.  126).  This 
is  an  attempt  to  differentiate  command  from  instructions 
included  in  a  procedure;  these  are  usually  referred  lo  as 
statements.  A  statement  is  defined  as  a  "single  meaningful 
expression  or  instruction  in  a  high-level  language,"  which  does 
not  seem  restrictive  enough.  For  example,  this  does  not 
differentiate  adequately  between  command  and  statement  and 
does  not  account  for  the  role  of  a  statement  either  as  a 
systems  command,  a  command  entered  for  immediate 
exec'jtion,  or  a  statement  in  a  program.  Knowing  whether 
computer  literacy  students  acquire  understanding  of  such 
distinctions  is  an  important  step  in  knov\/ing  the  conceptual 
base  teachers  take  back  to  their  classrooms.  Data  on  such 
knowledge  is  best  obtained  through  one-on-one  interviev/s  with 
computer  literacy  students. 

In  an  inquiry  study,  one  expects  responses  which  relate  tc 
the  previous  experiences.  For  example,  a  seventh  grader's 
answer  to  "What  is  a  compute    'night  roflect  dimensions  of  a 
microcomputer  or  a  video  g.  a  br  ^  •  president's  answer 

might  reflect  dimensions  anc  ^     .ations  rriainframe. 
People  bring  prior  knowledge  and  experiences  to  any  learning 
situati-jn;  that  knowledge  affects  the  development  of  concepts. 
Learning  could  benefit  from  teaching  which  adapts  to  this  prior 
knowledge  and  makes  use  of  preexisting  ideas  in  i^k^  concept 
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building  process  (Osborne  &  Wittrock,  1983).  It  is  important, 
therefore,  to  identify  those  preexisting  ideas  and  experiences. 

There  are  many  areas  of  needed  research  in  computer 
education:  mode  of  computer  use,  interaction  of  computer 
involvement  with  student  characteristics,  design  of 
instructional  materials  (Waugh  &  Currier,  1986),  Logo  (or 
BASIC)  and  development  of  problem  solving  skills,  database 
access  and  acquisition  of  research  skills,  and  word  processing 
and  writing.  However,  until  we  know  what  concepts  students 
actually  acquire,  these  interests  cannot  be  adequately 
addressed. 

Study  One 

This  informal  study  was  an  initial  attempt  to  determine 
what  concepts  preservice  teachers  had  as  they  exited  a 
computer  literacy  course.  The  course,  required  of  all  juniors 
and  seniors  at  the  University  of  Calgary,  had  five  parts:  Logo, 
word  processing  using  Bank  Street  Writer  (BSW),  evaluation  of 
instructional  software,  database  software,  and  BASIC.  Apple  II 
computers  were  used  throughout 
Subjects 

The  subjects  were  25  students  enrolled  in  one  section  of  the 
course  in  spring  1985.  All  students  were  under  25  years  old. 
Method 

Data  were  gathered  througn  questions  on  mid-term  (Logo  and 
word  processing)  and  final  (cumulative,  but  emphasizing  the 
last  three  sections)  examinations.  Errors  were  coded  through 
analysis  of  written  responses. 
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Results 

One  inal  exam  question  exhibited  the  most  obvious 
misconceptions.  These  data  are  presented  in  Figure  1 .  (See 
attached.) 

Of  the  25  students,  13  thought  that  programs  could  be 
executed  in  BSW  and  1 7  thought  that  a  Logo  command  (other 
than  the  procedure  name)  would  execute  the  program 
(procedure)  in  RAM.  Further,  13  thought  that  POTS  would  list  a 
procedure's  commands  (as  opposed  to  procedure  titles)  on  the 
screen.  These  responses  indicate  potential  misunderstanding 
about  the  fundamental  nature  and  function  of  commands.  Other 
important  misunderstandings  are  seen  in  the  confusion  between 
clearing  RAM  and  clearing  the  screen  in  BSW  and  in  the  failure 
to  identify  a  command  for  erasing  a  file  in  all  three  settings. 
This  may  indicate  confusion  about  the  nature  of  a  file. 

Perhaps  students  do  not  understand  how  the  parts  of  a 
computer  work  together  or  interrelate.  That  is,  they  don't 
understand  the  difference  between  activating  one  particular 
part  (e.g.,  clear  the  screen  only)  without  also  activating  a 
corresponding  part  (e.g.,  clear  RAM  simultaneously). 

An  alternate  conclusion  is  that  students  do  not  know  where 
information  resides  within  a  computer  system  at  any  given 
time.  For  example,  the  image  on  the  monitor  is  a  "reflection'^  of 
the  information  stored  in  memory,  but  changing  information  in 
one  location  does  not  automatically  cause  ihe  information  in 
the  other  location  to  be  changed, 

A  mid-term  exam  question  revealed  misconceptions  about 
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programming  constructs.  These  data  are  presented  in  Figure  2. 
(See  attached.) 

The  proportionality  errors  may  be  related  more  to  the  notion 
of  intent  of  the  procedures  rather  than  to  misinterpretation  of 
particular  commands.  That  is,  when  most  people  draw  pictures 
of  flags  on  poles,  they  behave  as  if  the  flagpole  should  be 
prop^  onal  to  the  size  of  the  flag  being  flown.  Indeed,  in  real 
life  this  is  usually  the  case.  When  students  interpreted  the 
intent  of  the  procedures  as  drawing  flags  on  poles  it  may  have 
been  impossible  for  them  to  divorce  this  intent  from  the 
operation  of  the  procedures.  Pea,  Soloway,  and  Spohrer  (1987) 
have  characterized  tliis  as  an  intentionality  bug  and  view  it  as 
a  special  instance  of  a  more  general  class  of  bugs  arising  out 
of  overgeneralization  of  the  conversation  metaphor  to 
programming.  Unlike  people,  the  computer  does  not  behave  as 
an  informed  listener;  rather,  all  details  must  be  made  explicit. 
Faiiure  of  the  subjects  to  understand  the  explicitness  required 
may  point  to  misconceptions  about  programs. 

The  misinterpretation  of  the  values  of  the  variables  may 
relate  to  misunderstandings  of  the  notions  of  data.  That  is, 
failure  to  identify  the  difference  between  the  constant  and  the 
variable  in  the  FLAG  procedure  and  the  attempts  to  keep 
physical  limitations  constant  in  tho  drawings  may  be  symptoms 
of  misunderstanding  about  what  information  is  passed  to  the 
computer  by  the  procedure  call. 

Study  Two 

This  was  a  follow-up  study  designed  of  conceptual 
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understanding.  The  primary  objective  wa'^  to  identify  the  path 
of  development  of  fundamental  computer  l  jncepts  across 
instruction  in  the  course.  The  computer  literacy  course  was 
designed  for  freshmen  and  sophomores  prior  to  enrolling  in  the 
teacher  preparation  program  at  the  University  of  Houston;  it 
had  five  parts:  Logo,  word  processing,  database  software, 
spreadsheet  software,  and  BASIC.  Apple  II  computers  were 
used  throughout. 
Sample 

Subjects  were  six  volunteer  interviewees  taken  from  one 
section  of  the  course  in  summer  1986.  This  section  was  taught 
in  21 ,  two-hour  sessions  over  a  five-week  period;  open  lab 
time  was  provided  each  day  and  on  Saturdays.  Each  of  the 
programming  sections  took  about  five  sessions,  and  each  of  the 
utility  program  sections  took  about  three  sessions.  Two  other 
students  were  lost  as  subjects  because  they  dropped  the 
course.  All  six  subjects  were  female;  ages  ranged  from  22  to 
40,  with  a  median  of  31 .  Previous  computer  experience 
included  none  (two  subjects),  some  data  entry  experience 
(three  subjects),  and  a  computer  science  degree  completed  13 
years  earlier  (one  subject).  These  subjects,  then,  may 
represent  older,  and  on  the  average  somewhat  more 
experienced,  persons  than  are  typically  found  in  an 
undergraduate  computer  literacy  course. 
Content  Focus  of  the  Study 

Five  concepts  were  selected  for  study:  command,  data,  file, 
memory,  and  program.  These  were  selected  because  of  their 
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fundamental  importance  to  computing. 
Procedures 

Interviews  were  scheduled  during  the  first,  third,  and  fifth 
weeks  of  the  course;  at  these  times  students  were, 
respectively,  (a)  beginning  Logo,  (b)  working  with  the  database, 
and  (c)  finishing  BASIC.  Interviews  were  not  part  of  the 
instruction  of  the  course  and  the  subjects  were  told  that 
nothing  they  said  would  be  discussed  with  their  instructor. 
Interviews  were  open-ended;  questions  on  each  of  Ine  five 
concepts  were  written  for  the  opening  interview.  The  second 
and  third  interviews  'ncluded  some  of  these  questions  and 
modifications  of  others  of  these  questions.  Interviews  were 
audio  taped  and  transcripts  were  prepared  from  these  tapes; 
these  transcripts  were  the  data  for  the  analysis. 
RgSliltS 

Each  of  the  five  concepts  is  dealt  with  separately.  The 
concep  » of  file,  memory,  and  program  are  dealt  with  quite 
explicitly  in  the  course,  in  each  application  setting  and  in  each 
programming  language.  For  example,  the  contents  of  files 
created  and  the  procedures  for  creating  and  deleting  Jes  are 
carefully  discussed.  Command  and  data  are  not  discussed  as 
oarefully.  Consequently,  contrasting  these  ^o  types  of 
concepts  illustrates  ways  students  both  react  to  instruction 
and  develop  or  retain  concepts  on  their  own. 

Concept:  Data.  SI  (that  is,  subject  1)  had  no  previous 
computer  experience.  During  II  (that  is,  interview  1)  she 
admitted  to  not  being  able  to  give  an  example  of  data,  but  she 
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guessed  that  it  is  "what  you  get  out  after  you  put  something  in." 
Data  is  put  in  manually  and  is  kept  in  the  temporary  memory 
and  permanently  in  the  disk  drive.  During  12  she  said,  "Don't 
know."  in  response  to  "What  is  computer  data?"  During  13  she 
described  data  as  information  or  a  collection  of  information. 
As  an  example,  she  gave  FORWARD  10  (from  Logo).  When  asked 
if  that  fit  her  definition  of  command  (i.e.,  specific  instructions 
for  the  computer  to  do  a  certain  task),  she  stated,  "that's  not  a 
command,  that* s  data."  A  second  example  of  data  was  values 
(e.g.,  75.6)  in  a  spreadsheet.  She  further  explained  that  in  Logo, 
things  typed  in  are  data,  and  system  controls  like  SAVE  are 
commands.  Later  she  repeated  this  notion;  "anything  you  type 
in  (in  BASIC]  is  data." 

S2  had  used  ?.  microcomputer  on  only  one  previous  occasion. 
During  11  she  said  that  data  was  information  "about"  computers. 
It  is  typed  into  the  computer  and  kept  on  a  disk.  She  could  not 
give  any  examples  of  data.  During  12  she  explained  data  as 
information  stored  on  disk.  She  said  that  in  Logo,  data  is 
something  like  a  program.  In  a  da  ibase,  data  is  the  records 
you  work  with,  specifically  "the  name  like  John  Jones  or 
whatever."  During  13  she  explained  data  as  "something 
important"  you  have  stored. 

S3,  S4,  and  S5  each  had  some  experience  as  computer  users. 
During  II  they  typically  defined  data  as  something  typed  in  and 
stored  in  memory.  During  12  commands  from  Logo  (e.g., 
FORWARD  10)  were  typically  given  as  e.  amples  of  data.  During 
13,  data  was  descnbed  as  information  to  ba  stored  or  used. 
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S6  had  completed  a  computer  science  degree  some  13  years 
earlier  but  admitted  having  forgotten  much  of  the  information 
she  had  learned.  During  li  she  described  data  as  information 
(e.g.,  names,  dates)  that  comes  into  the  computer  from  an 
external  source  (e.g.,  keyboard,  modem)  and  is  stored  in 
temporary  memory  until  stored  on  disk.  During  12  her  examples 
of  data  included  "lists  of  [procedure]  titles"  in  Logo  and  fields 
in  a  database;  but  in  the  word  processor  "not  much  is  data, 
unless  the  letter  itself  is  the  data."  During  13  she  described 
data  as  "extra  information  to  work  with." 

In  summary,  the  biggest  confusion  seemed  to  be  that  data  is 
what  people  type  into  a  computer.  At  one  level  this  is  correct, 
but  it  is  far  too  restrictive.  None  of  the  interviewees,  for 
example,  talked  in  terms  of  using  data  for  debugging  their 
programs  or  as  values  passed  to  procedures  in  Logo.  Yet  all  of 
them  used  data  in  these  ways.  During  12  the  tendency  to 
identiV  commands  as  data  seemed  to  peak.  More  attention 
seems  needed  to  help  students  distinguish  data  from 
information. 

Concgpt:  Filgs-  During  II .  Si  guessed  that  a  file  was  a 
back-up  copy  of  a  disk,  which  contains  ''any  information  you 
want."  During  12  she  guessed  that  a  file  was  the  same  as  a 
program.  During  13  her  examples  of  files  were  PICTURE 
(containing  the  procedures  for  drawing  the  picture  required  in 
the  assignment)  in  Logo  and  a  set  of  two  or  more  records  in  a 
database. 

S2  described  a  file  during  II  as  a  bunch  of  organized 
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intormation  which  is  typed  in  and  kept  on  a  disk.  During  12  she 
described  the  contents  of  a  file  as  information,  for  example,  a 
program  in  Logo.  During  13  her  examples  were  (a)  different 
programs  in  Logo,  (b)  "the  program  youVe  named"  in  the  word 
processor,  and  (c)  a  group  of  related  information  in  the 
database. 

During  11,  S3  claimed  complete  ignorance  on  the  subject. 
During  12  she  described  a  file  as  something  saved  on  on  the 
disk,  with  data  as  the  contents.  During  13  she  gave  accurate 
examples  of  files  for  all  applications  except  database,  for 
which  a  file  was  "a  field." 

S4  described  a  file  during  11  as  ''where  you  store  your 
information  on  the  diskette.  A  file  is  created  by  initializing  a 
diskette."  During  12  she  described  a  file  as  a  location  in 
computer  memory  containing  "inputs  or  outputs  or  variables." 
The  location  is  in  the  "RAM  or  ROM,  either."  During  13  her 
examples  seemed  to  focus  on  bits  of  information;  e.g.,  columns 
of  numbers  in  a  spreadsheet. 

During  II ,  S5  said  a  file  was  "catalog  files,  lists  of  data" 
containing  mailing  lists,  customer  purchases,  etc.  During  12 
she  said  that  a  file  stores  data  on  a  disk.  During  13  all  of  her 
examples  of  files  were  accurate. 

S6  said  during  11  that  a  file  was  a  place  to  store  a  list  of 
information.  A  file  can  exist  without  a  disk  as  long  as  the 
power  is  on.  During  12  she  described  a  file  as  a  "list  of  stuff 
like  commands."  In  Logo  a  file  contains  commands  in  a 
procedure.  Her  examples  were  accurate  during  13. 
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In  summary,  the  notion  of  file  seems  confused  by  vagueness 
about  location  of  a  file  (e.g.,  RAM  or  ROM  or  disk)  and  what  goes 
into  a  file  (e.g.,  commands,  inputs,  variables,  program).  There 
is  interference  with  the  notions  of  a  procedure  and  program  and 
there  is  confusion  (perhaps  like  the  set/subset  confusion  in 
mathematics)  between  a  file  and  particular  types  of 
information  stored  in  the  file  (e.g.,  field,  variables,  commands). 

Concept:  Memory.  Early  in  II ,  Si  defined  memory  as  "the 
disk  drive"  and  upon  explicit  questioning  reaffirmed  her 
pos.cion  that  the  disk  drive  and  the  memory  were  the  same. 
Further,  she  stated  that  the  "output  from  the  disk  drive  is 
permanent"  and  that  the  "temporary  memory  is  the  central 
processing  unit."  When  asked  how  long  the  computer 
remembers  what  you  type,  she  said  "forever."  During  12  she 
said  that  tl-  e  permanent  memory  "is  in  the  CPU  called  ROM"  and 
that  temporary  memory  is  RAM,  but  she  seemed  to  have  lost  the 
relationship  of  the  disk  (or  disk  drive)  to  the  concept  of 
memory.  By  the  ti.me  of  !3  she  seemed  to  have  accurate 
concepts  of  what  was  temporary  and  what  was  permanent,  but 
she  insisted  that  the  only  way  to  change  temporary  memory 
was  "by  editing." 

During  11 ,  S2  stated  that  the  internal  memory  is  only  ROM, 
and  the  external  memory  is  on  the  disk.  She  did  not  know 
whether  the  disk  and  the  memory  were  the  same,  and  she  did 
not  know  whether  memory  changed  when  a  user  typed 
something.  She  seemed  to  believe  that  typed  information  went 
directly  to  the  disk.  During  12  she  said  that  "ROM  resides 
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within  the  computer.  RAM  is  just  temporary.  Don't  know  where 
RAM  is."  She  did  know  that  typing  caused  memory  to  change, 
but  she  could  not  explain  how  long  a  computer  remembered 
something.  During  13  she  could  not  explain  what  was  put  in 
memory  when  each  application  program  was  started  ("I  only 
know  what  I  see.")  but  she  did  accurately  explain  how  to  change 
memory  in  each  case. 

S3  showed  a  reasonably  accurate  notion  of  memory  in  I'* , 
although  she  identified  memory*  as  "in  the  disk"  and  wanted  to 
equate  these  two  notions  ''because  they  tell  me  to  put  that 
thing  [disk]  in  before  you  can  run  the  computer."  She 
distinguished  between  RAM  and  ROM,  and  she  said  that  "without 
saving,  [the  computer]  remembers  only  then;  remembers  only 
what  is  shown  on  screen."  During  12  she  was  more  confider 
that  the  disk  and  memory  were  identical,  but  she  had  given  up 
the  notion  that  only  what  is  on  the  screen  is  remembered.  In 
response  to  a  question  about  what  is  in  memory  when  an 
application  is  begun,  she  said  that  the  turtle  and  "maybe  a 
procedure"  were  in  memory  in  Logo,  that  the  menus  were  in 
memory  for  the  utility  programs,  and  that  "whatever  may  have 
been  saved  before"  was  in  memory  for  BASIC.  She  did  seem  to 
have  accurate  procedures  for  changing  temporary  memory  for 
all  five  environments. 

84  displayed  only  minor  inaccuracies  in  her  understanding. 
During  11  she  said  that  "you  must  keep  typing  or  information 
will  be  lost;  even  stepping  away  for  a  while  results  in 
information  loss  on  the  IBM."  She  had  apparently  not  learned 
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about  refreshing  the  screen.  During  13  she  said  that  to  change 
lomporary  memory  you  "just  insert  the  disk." 

S5  seemed  to  confuse  the  working  memory  with  the  disk 
memory  as  noted  by  the  response  of  "erase  Mes"  during  12 
when  asked  how  to  change  memory.  Too,  during  13  the  screen 
display  was  equated  with  worl'ing  memory. 

Possibly  because  of  her  computer  background,  86  had  a  very 
good  notion  of  memory.  However,  during  13  in  response  to  the 
question,  "Does  'doing  e.  catalog'  and  looking  at  the  disk 
contents  change  the  memory?"  she  said,  "Yes,  because  I  think  of 
memory  as  being  what  you  are  working  with  at  the  time.  The 
list  is  what  you  are  working  with," 

In  summary,  memory  seems  reasc  nably  well  learned.  There 
are  confusions  between  permanent  and  temporary  memory, 
between  memory  and  disk,  and  between  memory  and  screen 
display.  Generally  the  subjects  improved  considerably  in  their 
understanding  of  memory  and  their  exa'^ples  and  explanations 
about  memory  across  the  course.  The  generalization  by  S6  of 
ordinary  concepts  of  memory  may  net  j  to  be  exploited.  This  is 
consistent  with  the  suggestion  of  Mayer  (1982)  to  use 
conceptual  models  for  teaching  programming. 

Concents:  Command  and  Program.  Commands  are  seen  as 
specific  instructions  for  the  computer  to  do  something.  In 
addition  to  the  tendency  for  students  to  subsume  commands 
under  the  concept  of  data,  some  students  did  not  want  to  admit 
that  the  commands  in  menus  of  applications  software  were 
commands;  commands  seem  to  be  perceived  as  needing  to  be 
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more  fur<damental  than  menu  items.  During  13,  S2  said  that  "it 
seems  like  only  Logo  has  commands  [e.g.,  FD,  BK];"  she  seemed 
unable  to  apply  the  textbook  definition  that  she  stated.  S3 
consistently  said  that  commands  are  '*built  in'*  to  the  machine 
or  the  program  and  come  from  the  disk. 

Program  seemed  the  best  understood  of  the  five  concepts. 
The  only  confusion  in  the  comments  of  the  students  was  that 
the  document  in  a  word  processing  environment  or  the  records 
in  a  databai:.e  envin^nment  were  programs;  subject  S2  said  this 
explicitly  and  S6  talked  about  programs  and  data  for  programs 
as  if  they  w»3re  nearly  the  same  concepts.  This  reinforces  the 
observations  in  Study  One. 
Conclusions 

Most  obviously  students  do  have  misunderstandings  about 
fundamental  computing  concepts.  This  should  cume  as  no 
surprise  tn  anyone.  The  data  of  this  study  illustrate  that  the 
computer  literacy  instruction  seemed  to  put  a  burden  on 
students  to  r-^nerate  models  of  understanding  about  computing. 
For  example.     ::e  so  little  is  said  in  the  course  about  data, 
students  must  o  ite  a  generalised  notion  of  what  data  is;  the 
notion  that  they  have  created  is  that  of  "^anything  you  type  in.** 
This  notion  is  a  consistent  generalization  of  the  concept  of 
data  from  other  areas  such  as  science  and  social  studies.  That 
is,  in  science  experiments  studenis  generate  data,  and  in  social 
studies  they  go  to  the  library  to  gather  data.  Hence,  data  is  the 
product  of  their  own  efforts.  In  the  computer  environment 
what  they  do  is  type,  so  their  notion  of  data  is  reasonably  going 
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to  be  "anything  I  type  in.** 

Studv  Three 

The  primary  goal  of  this  study  was  to  probe  further  into  the 
level  of  understanding  of  students  enrolled  in  the  same 
computer  literacy  course  in  which  Study  Two  was  conducted. 
At  the  time  of  this  study,  the  course  was  taught  on  a  Macintosh 
Plus  network;  the  software  included  Microsoft  Logo,  Microsoft 
Works,  and  Microsoft  BASIC. 
Sample 

Subjects  were  all  students  enrolled  in  the  course  in  Spring 
1987.  Although  57  students  completed  the  pretest,  only  27 
(mean  age  25,4  years)  also  completed  the  posttest. 
(Participation  at  both  stages  was  required  to  be  voluntary  by 
the  University's  Committee  for  the  Protection  of  Human 
Subjects.)  Similarly,  12  students  initially  volunteered  to  be 
interviewed,  but  only  six  completed  both  interviews.  All 
interviewees  were  female;  their  mean  age  was  21 .7  years. 
Procedures 

Five  concepts  were  studied:  command,  data,  file,  language, 
and  program.  A  40Htem  lest,  given  as  both  a  pre-  and  posttest 
to  the  course,  was  developed  by  one  of  the  experimenters;  eight 
items  were  developed  for  each  of  the  fi  .  concepts.  The  40 
items  were  also  classified  to  measure  understanding  of 
examples  of  the  concepts  (10  items),  attributes  of  the  concepts 
(14  items),  and  analogies  for  the  concepts  (16  items). 

Each  of  the  six  volunteers  was  interviewed  twice;  once 
about  mid-way  through  the  course  (after  Logo  and  word 


processing  instruction)  and  once  at  the  end  of  the  course.  Each 
one-on-one  interview  began  with  questions  much  like  those 
used  in  Study  Two,  after  which  the  subject  was  asked  to 
perform  two  hands-on  activities  with  a  Macint-^sh 
microcomputer.  In  the  first  interview  these  were  (a)  creating 
a  Logo  procedure  to  draw  a  rectangle  and  then  saving  and 
retrieving  that  procedure  and  (b)  editing  a  letter  in  the  word 
processor  used  in  class.  In  the  second  interview  these 
activities  were  (a)  creating  a  database  of  three  names  and 
phone  numbers,  sorting  that  database  alphabetically,  and  saving 
and  loading  the  records  and  (b)  writing  a  short  BASIC  program 
to  print  one's  name  10  times,  appropriately  numbered  1  to  1C. 
All  interviews  were  audio  taped,  and  transcripts  were  prepared 
from  the  tapes. 
Results 

Since  many  of  the  observations  are  similar  to  those 
presented  for  Study  Two,  only  summanes  of  the  observations  in 
the  two  interviews  will  be  presented.  These  are  organized 
according  to  the  five  concepts  studied. 

Concept:  Language  In  11  (that  is,  interview  1)  the  confusion 
about  language  ranged  from  a  vague  sense  of  its  role  in  writing 
programs  and  establishing  command  syntax  to  clear  confusion 
between  program  and  file.  (In  part  this  may  have  been  due  to 
the  "user  friendly"  nature  of  the  Macintosh  environment,  but 
that  will  be  d'^^^cussed  in  detail  later.)  Subjects  did  not  offer 
any  analogies  in  their  explanations;  most  comments  dealt  with 
the  function  and  characteristics  of  language.  Only  two 


subjects  identified  Logo  as  a  language,  one  'subject  descnbed 
Logo  as  a  file,  and  one  described  it  as  a  program. 

In  12  the  same  confusions  seemed  to  be  present,  with  only 
two  of  the  six  subjects  correctly  identifying  both  Logo  and 
BASIC  as  languages.  Even  these  two,  however,  admitted  to  not 
knowing  the  difference  bet,veen  language,  program,  and  file. 
One  subject  described  Logo  and  BASIC  as  programs.  The  best 
description  of  language  was  "the  type  of  words  you  can  use." 
All  subjects  accessed  BASIC  successfully,  but  they  were  not 
all  successful  at  completing  the  hands-on  task. 

Concept:  Program.  During  II  all  subjects  seemed  to  have  a 
limited  sense  of  program,  though  most  talked  in  terms  of  a  list 
of  commands.  There  was  confusion,  however,  between 
application  programs  and  student-geneiated  programs.  The 
only  analogy  offered  was  that  of  a  typewr  .er  for  the  word 
processing  program.  Subjects  relied  on  describing  attributes 
of  programs,  with  most  of  these  descnptions  referring  to  Logo 
rather  than  to  the  word  processing  program. 

During  12,  program  wat  defined  by  five  of  the  subjects  as  a 
set  of  commands.  One  of  these  five  acknowledged  the  potential 
for  data  to  reside  in  a  program.  All  subjects  seemed  secure  in 
knowing  that  a  program  could  reside  either  in  the  RAM  or  on  a 
disk,  but  only  four  were  sure  that  these  two  things  could 
happen  simultaneously,  acknowledging  that  programs  are  copied 
from  disk  to  RAM  rather  than  moved.  Applications  programs 
were  typically  defined  in  terms  of  their  functions  rather  than 
as  programs.  Only  one  subject  classified  all  three  types  of 
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application  programs  as  programs.  Although  the  use  of 
analogies  in  discussing  the  concept  of  program  was  rare,  five 
subjects  used  ♦he  typewrite,  nalogy  for  the  word  processor. 
One  subject  compared  spreadsheet  formulas  to  algebra 
formulas;  one  subject  stated  that  there  were  different  kinds  of 
formulas,  such  as  "class  average,  student's  ^.werage, , . One 
subject  compared  the  database  to  the  spreadsheet  (in  terms  of 
locations  for  information),  and  one  other  subject  compared  the 
database  to  "an  address  book  or  an  index.*"  In  the  hands-on 
activities,  subjects  had  great  difficulty  at  creating  a  simple 
BASIC  program  (involving  a  FOR/NEXT  loop),  indicating  poorly 
deve  oped  programming  skills;  indeed  only  two  subjects 
succeeded. 

Concept:  Command.  During  II  subjects  tended  to  explain 
basic  attributes  or  functions  of  commands;  there  were  no 
analogies  offered.  All  subjects  characterized  commands  as 
"telling  the  computer  to  do  something and  all  recognized  the 
need  for  proper  syntax.  Examples  showed  confusion  between 
commands  and  data  (e.g.,  FD  20  involves  both  a  command  and 
data).  Only  one  subject  reported  menu  items  as  commands.  One 
subject  i  aid  "commands  are  used  to  build  programs.**  Subjects 
seei  -  j  to  have  only  small  repe.'loires  of  commands  to  use  in 
completing  the  hands-on  activities. 

During  12,  all  subjects  again  provided  a  definition  like 
"telling  the  computer  to  do  something."  One  subject  seemed  to 
believe  that  commands  could  exist  "on  the  screen"  as  well  as  in 
RAM  and  on  disk.  Subjects  showed  increased  repertoires  of 
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commands  for  word  processing,  possibly  because  of  continued 
use  c  f  word  processing  throughout  the  course.  Four  of  the  six 
had  great  difficulty  with  the  database  activity,  apparently 
because  of  a  lack  of  understanding  of  the  function  of  the 
commands  in  the  database  menus.  Subjects  also  seemed  not  to 
recognize  alternate  commands  for  completing  tasks;  for 
example,  using  "SAVE  AS  . . to  store  an  updated  version  of  the 
current  file,  when  "SAVE"  would  have  done  the  same  job  faster 
and  with  fewer  keystrokes.  This  lack  of  flexibility  made  the 
hands-on  activities  difficult  for  subjects. 

Concept:  Data.  In  II ,  subjc  :ts  seemed  to  generalize  data  as 
only  information  typed  in  from  the  keyboard.  It  was  not  clear, 
however,  whether  everything  typed  in  would  be  classified  by 
most  subjects  as  data.  Computer  generated  data,  such  as  error 
messages,  were  universally  not  recognized  as  data.  1  wo 
subjects  said  data  was  "information  the  computer  already 
knows."  Data  was  frequently  referred  to  by  specialized  names; 
for  example,  numbers,  names,  and  addresses.  No  analogies  were 
offered,  though  examples  of  data,  like  letters  for  word 
proce.'^'^.ing,  were  discussed  by  the  subjects. 

During  12  a  variety  of  definitions  were  offered,  from 
"information"  to  "what  the  computer  reads  in  a  DATA 
statement"  to  "what  you  type  in."  Again,  examples  were  given 
for  specialized  types  of  data,  with  little  acknowledgement  of 
any  generalized  notion.  In  the  context  of  the  database  task, 
there  seemed  to  be  little  confusion  about  what  was  the  data 
(i.e..  the  names  and  phone  numbers),  possibly  because  these 


were  examples  of  the  more  specialized  notions.  Explanations 
about  wnere  data  resides  (e.g.,  on  disk,  in  RAM)  were  vague  and 
confused.  All  subjects  agreed  that  data  could  be  stored  on  disk 
but  only  three  allowed  d?ta  to  be  in  RAM.  Two  subjects 
believed  that  data  could  be  in  the  computer  with  the  power  off, 
and  one  other  thought  data  could  be  on  the  screen. 

Concept:  File.  In  11  file  was  confused  both  in  terms  of  its 
location  and  its  contents,  thOuyn  four  subjects  described  a  file 
as  a  place  for  storage.  Subjects  grnerally  understood  that  a 
file  was  moved  (rather  than  copied)  when  it  waS  loaded  into 
RAM.  Two  subjects  thoug'u^hat  Mes  we/e  created  when  the 
corr  outer  was  booted. 

During  12  only  three  subjects  could  distinguish  between  (a) 
a  file  as  a  location  on  a  disk  and  (b)  the  information  stored  in  a 
file.  No  one  was  able  to  clearly  explain  that  different  kinds  of 
information  (e.g.,  BASIC  program,  word  processing  document) 
could  be  kept  in  a  file.  Three  subjects  stated  that  a  file  could 
reside  both  on  a  disk  and  in  RAM  simultaneously,  with  one  of 
these  believing  that  files  exiF.t  •'on  the  screen,"  and  two  others 
saying  that  files  existed  on  :he  network.  No  analogies  were 
offered  for  file. 
Test  Results 

Analyses  of  covariance  (with  appropriate  pretests  as 
covariates)  were  conducted  between  the  interviewed  and 
non-interviewed  subjects  for  the  total  posttest  and  for  each  of 
the  post-subtests.  Only  one  of  the  nine  F-ve'ues  (for  the 
subtest  on  command)  was  significant;  so  the  interviewees 
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appeared  to  be  roughly  representative  of  the  entire  sample.  For 
the  complete  sample,  the  differences  between  posttest  and 
pretest  scores  were  significant  at  the  .002  level  for  the  total 
test  (pretest  mean  =  13.4,  posttest  mean  =  23.6)  a. id  for  each  of 
the  su*-  ,cales.  This  indicates  that  learning  occurred  as 
measured  by  each  of  these  tests.  The  pretest  and  posttest 
reliabilities  for  the  total  test  were  .92  and  .76.  respectively. 
Of  the  posttest  subscale  scores  for  the  five  concepts,  the 
command  scale  had  a  noticeable  higher  mean  (6.3)  than  any  of 
the  other  four  scales  (with  means  of  4.1  to  4.7).  The  examples 
subscale  had  a  higher  posttest  mean  (74%)  than  either  the 
attributes  subscale  (51%)  or  the  analogies  subscale  (54%). 
Conclusions 

Subjects  made  some  progress  during  the  course  at  using 
proper  computing  terminology,  but  their  ability  to  clearly 
explain  fundamental  computing  concepts  did  not  seem  to 
improve  dramatically.  On  the  ba  Js  of  the  interviews,  the  best 
understood  concepts  seemed  to  be  command  and  program,  and 
the  worst  understood  concepts  seemed  to  be  data  and  file.  This 
ordering  is  marginally  consistent  with  the  results  of  the  tests. 

Discussion 

On  the  basis  of  the  three  studies  it  seems  clear  that 
students  in  computer  literacy  courses  are  not  developing  clear 
understandings  of  fundamental  computing  concepts.  As 
prospective  teachers,  the  subjects  all  demonstrated 
misunderstandings  that  could  be  easily  passed  on  to  their 
students.  This  was  painfully  clear  during  the  interviews  when 
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subjects  were  asked  to  verbally  explair,  concepts.  Yet,  the 
hands-on  tasks  were  generally  completed.  Computer  literacy 
students  may  be  confusing  ability  to  perform  a  task  with 
understanding  of  the  underlying  concepts.  For  people  in  the  real 
world,  this  distinction  may  noi  be  important,  but  for  teachers 
it  is  critical.  Teachers  need  to  be  able  to  identify 
misconceptions  in  their  students*  thinking  so  that  these 
misconceptions  can  be  corrected.  The  subjects  in  these  studies 
clearly  did  not  have  this  capability. 

The  experiences  in  interviewing  subjects  in  Studies  Two  and 
Three  suggest  some  potentially  important  differences  betwee.i 
the  two  computing  environments.  The  human/machine 
interfaces  are  quite  different  for  Apple  II  and  Macintosh 
microcomputers.  Apple  A  software  generally  requires  that  the 
user  interact  through  control  characters  typed  in  at  the 
keyboard.  Macintosh  software  generally  allows  the  user  to 
interact  through  the  mouse  and  the  pull-down  menus  that  are 
displayed  across  the  top  of  the  screen.  This  is  an  important 
difference,  since  in  the  f/lacintosh  environment,  complete  words 
are  used  in  the  pull-dowi  nenus  to  identify  the  functions  that 
are  to  be  performed.  This  provides  constant  reinforcement,  in 
more-or-less  natural  language,  of  what  is  going  to  be  done. 

Too,  in  the  initial  menu  'or  a  Macintosh  disk  the  files  are  all 
identified  with  icons.  There  is  no  obvious  notational  difference 
by  which  the  novice  user  can  distinguish  between  a  file  that 
contains  a  program  (like  Logo  or  Works)  and  a  file  that  contains 
data  for  a  program  (like  a  letter  for  the  word  processor). 
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Clicking  on  a  data  file  automatically  causes  the  application 
program  to  be  loaded,  followed  by  the  loading  of  the  data  file. 
In  the  Apple  II  environment,  the  application  program  must  be 
loaded  first,  and  then  a  search  must  be  conducted  to  find  the 
data  file  that  is  to  be  loaded.  The  user  must  perform  both 
steps  explicitly.  The  Macintosh  system  has  the  potential  for 
creating  a  conceptual  confusion  in  the  user  about  what  ihe 
difference  is  between  a  file  containing  a  program  and  a  file 
containing  data  for  a  program.  Clicking  once  on  either  type  of 
icon  causes  the  application  program  to  be  loaded.  The  bjb.ecu, 
in  Study  Three  did  not  seem  to  distinguish  between  clicking  on 
the  application  program  (which  they  all  did  to  access  Logo)  and 
clicking  on  a  data  file  (which  they  all  did  to  access  the  letter 
to  edit). 

In  Study  Three,  it  was  also  observed  in  the  hands-on 
activities  that  subjects  were  not  very  efficient  in  their 
sequencing  of  keystrokes  to  accomplish  some  particular  task 
As  noted  earlier,  all  subjects  used  the  SAVE  AS  instead  of  the 
SAVE  .    ^mana  in  the  FILE  menu  to  save  the  updated  version  of 
their  current  data.  Four  of  the  subjects  used  the  CUT  and 
PASTE  commands  to  delete  individual  characters  instead  of 
simply  positioning  the  cursor  and  backspacing.  Two  subjects 
also  confused  the  disk  drive  with  the  network  in  terms  of 
identifying  where  files  are  stored.  All  of  these  confusions 
have  the  potential  for  decreasing  the  usability  of  computing; 
skills  for  these  subjv  vts  and  consequently  for  limiting  the  use 
that  these  prospective  teachers  might  make  of  computing 
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power  in  teaching  their  future  students.  That  is,  if  teachers 
believe  that  computers  are  not  effective  and  efficient  ways  to 
learn,  then  they  will  be  less  likely  to  use  computers  with  their 
students,  and  the  quality  of  instruction  for  those  students 
might  suffer. 

In  terms  of  structuring  computer  literacy  instruction,  it 
seems  wise  to  advise  teachers  to  use  more  analogies  to  assist 
students  in  the  developing  of  an  accurate  underlying  conceptual 
base.  Our  subjects  did  not  "naturally''  use  analogies  in  their 
explanations.  We  speculate  that  if  they  had  had  such  analogies 
available,  their  explanations  would  have  been  more  accurate 
and  the  limits  of  their  understanding  would  have  been  more 
self-evident. 
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Figure  1 

Final  Examination  Question  (with  errors),  Study  One 


Below  are  subsets  of  the  commands  (listed  in  alphabetical  order)  In  BASIC, 
Logo,  and  Bank  Street  Writer.  Identify  the  commands  from  each  set  (if  such 
commands  exist)  that  accomplish  each  task. 

BASIC'  DELETE.  GOSUB.  GOTO.  HOME,  INPUT.  LIST,  NEW,  PRINT.  RUN 

Logo:  CLEARSCREEN.  ERASE.  ERASEFILE.  HOME.  POTS,  PRINT. 
PRINTOUT,  TO 

BSW:  CLEAR.  COPY.  DELETE,  ERASE.  fwlOVE.  PRINT  FINAL.  RETR'^IVE 


Task 

BASIC 

Logo 

BSW 

a.  clear  RAM  only 

HOME/NEW  1 

blank  4 
OS  2 

CLcAn  17 
ERASE  4 
UbLb 1 b 1 
PRINT-FINAL  1 

b.  clear  screen  only 

bl?nk  1 

H0ME1 
ERASE  1 

CLEAR  9 
ERASE  6 
DELETE  2 

c.  execute  the  program 
(procedure)  in  RAM 

PRINT  9 
TO  8 

PRINT-FINAL  10 
RETRIEVE  3 

d.  call  a  subroutine 

G0T01 
LIST1 

TO  17 

PRINTOUT  1 

RE',:  IEVE3 
Ci  /I 

e.  list  on  the  screen  the 
ihe  cod^  (commands) 
in  RAM 

POTS  13 
PRINT  3 
T01 

RETRIEVE  3 
C0PY1 

f,  remove  a  file  from 
the  disk 

blank  8 
PRINT  1 

blank  2 
PRINT  1 

blank  5 
ERASE  5 

RETRIEVE  3 
CLEAR  1 


Figure  2 

Mid-term  Examination  Question  and  Errors,  Study  One 


Draw  the  design  generated  by  the  command.  FLAGS  10, 

TO  BOX  :SIDE 

REPEAT  4(FD  :S1DE  RT  901 
'  END 


TO  FLAG  X 
FD10 
BOX  :X 

END 


TO  FLAGS  :Y 

PU  HOMECS  PD 
FLAG  :Y 
PU HOME 

LT  90  FD  50  RT  90  PD 
FLAG  :Y  +  :Y 
HT 
END 


Erroi  Count 
flagpole  errors 

flagpole  proper  •  ^nal  to  flag  6 

flagpole  shortened  to  accommodate  larger  tiag  1 

ignore  flagpole  1 
flag  errors 

interpret  :Y  +  :Y  as  :Y  5 

draw  two  flags  instead  of  large  flag  2 

interpret  :Y  +  :Y  as  12  1 

draw  three  flags  with  poles  1 

attempted  recursion  4 

orientation  errors  3 
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P2D 

CONVENTIONAL  SCIENCE  AND  STREET  SCIENCE  I.I  THE  \-mST  IN'DIES 

June  George,  The  University  of  the  West  Indies  (St.  Augustine) 
Joyce  Glasgow,  The  University  of  the  West  Irdies  (Mona) 

Despite  the  spate  of  curriculum  development  in  science 
education  world-wide  in  the  1960s  and  70s,  there  is  a 
general  awareness  that  'something  else'   is  needed  in 
science  classrooms  -  some  change  is  necessary  to  promote 
the  level  of  learning  and  conceptual  understanding  in 
children  for  which  eoucators  have  been  searching. 

In  keeping  with  this,  over  the  past  decade  or  so,  the 
question  of  the  kinds  c  background  knowledge  children 
bring  with  them  to  their  science  classes  has  been  engaging 
the  attention  of  science  education  researchers  world-wide. 
There  have  been  two  1' nes  of  investigation  into  the  problem. 
That  with  the  longer,  more  detailed  and  structured  research 
history,  has  focussed  on  examining  children's  unders tand ' ng 
of  specific  concepts  in  science,  for  exmaple,  heat,  energy, 
force,  plant  nutrition.     Research  groups  such  as  the 
'Children's  Learning  in  Science'  group  at  the  Unviersity  of 
Leeds  and  the  'Learning  in  Science'  group  at  the  University 
of  Waikdto  have  concentrated  on  this  aspect.  Several 
studies  hdvr=  also  been  described  in  the  literature  (see  for 
exaf..pi*».  Andcrsson,  I98O  -  boiling  point;  Tiberghien,  I98O  - 
heat;  Viennot,  I98O  -  dyn     *cs;  Solomon,  I983  -  energy; 
Osborne  and  Cosgrove,   I983  -  change  of  state  of  water; 
''-.uirre  and  Erickson,  198'*  -  vector  characteristics;  Fisher, 
1985  -  amino  acids  and  translation;  Griffiths  and  Grrint^ 
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^985  -  food  webs;  Cros  et  al,  1986  -  constituents  of  matter, 
acids  and  bases;  Terry  and  Jones,  I986  -  Newton's  t^ird  law). 

The  second  line  of  investigation  has  dealt  with 
children's  background  experiences  of  a  different  nature. 
Instead  of  concentrating  on  specific  conventional  science 
concepts,  these  attempts  in  science  educctlon  research  have 
been  seeking  to  document  ano  describe  those  cultural  beliefs 
of  children  that  are  likely  to  influence  learning  in  science. 
The  intent  is  to  try  to  gain  some  insight  into  children's 
frame  cf  refererxe  in  science.     This  might  elucidate  the 
-origins  of  the  conceptions  brought  into  the  formal  school, 
many  of  which  have  been  revealed  by  the  first  line  of  inves- 
tigation. 

Champagne  (l?86)  uses  the  term  ^thio-sci ence  to  refer  to 
^'behaviours  and  theories  that  have  evolved  informally  within 
cultures  to  explain  and  predict  natural  phenomena"  (p  1^), 
and  advocates  a  reconceptual ization  of  science  teaching  as  a 
modi  f  i  ca t  i on  of  e  thno-sci  ence. 

Whether  one  agrees  with  this  viewpoinc  or  not,  it  would 
seem  that  a  cleei-er  understanding  of  these  cultural 
influences  is  needed  - 

to  provide  teachers  with  additional  information 
which  might  help  them  to  better  understand  t. e 
chi Idren  they  teach 
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-    to  facilitate  soma  predction  of  what  might  be 
expected  to  surface  in  the  c'assrooms  in  a 
particular  context 

to  identify  concepts  in  science  which  children 
might  find  difficult  to  understand  because  of 
conflicting  cultural  beliefs. 

PURPOSE  OF  THE  STUDY 

The  Caribbean  nations  of  Jamaica  and  Trinidad  and 
Tobago,  separated  by  a  thousand  miles  of  sea,  are  ooth 
former  colonies  of  European  powers,  with  Britain  being 
the  last  colonizer  in  each  case.    Jamaica  gained  indepen- 
dence on  August  6,  1972  and  Trinidad  and  Tobago  followed 
on  August  31  of  the  same  year.    Both  countries  have  a 
legacy  of  African  slavery  aru'  the  system  of  East  Indian 
i ndentureshi p.     In  addition,  there  are  other  groups  like 
the  Chinese,  Jews  and  Lebanese  which  have  contributed  to 
the  diverse  but  similar  cultural  backgrounds  in  these 
islands,  and  to  their  consequent  rich  store  of  folklore. 

One  of  us  (Glasgow  1986)  has  looked  at  the  question  of 
local  beliefs  in  Jamaican  fifteen  year  olds.    The  thesis 
was  to  regard  a  willingness  to  accept  as  trulh  selected 
sayings  (against  logical  evidence  to  the  contrary)  as  an 
expression  of  a  non-questioning  attitude  -  a  stance  which 
is  the  reverse  of  that  encouraged  by  conventional  science. 
No  attempt  was  made  in  that  study  to  analyse  the  sample  of 
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beliefs  used  for  the  concepts  they  contained,  but  scores  on 
the  true/false  scale  used  suggested  that  children  were 
highly  committed  to  these  beliefs,  despite  the  tact  that 
they  had  all  been  exposed  to  three  years  of  an  integrated 
science  programme.     (Total  possible  score  signifying  rejec- 
tion of  all  sayings  =  20;  mean  -  12.733;  S.D.  =  ^.388; 
H  «  6A3). 

The  other  author  (George  1986a),  in  describing  the 
science-related  backgrounds  of  students  in  Trinidad  and 
Tobago,  has  attempted  to  distinguish  between  *supersti tions' 
and  what  she  refers  to  as  'street  science'.    The  latter  she 
describes  as  "those  social  customs  and  belief;"-  that  deal 
with  the  same  content  areas  that  are  dealt  v;i  tn  in  conven- 
tional science  but  which  sometimes  offer  different  explana- 
tions to  those  offered  in  conventional  science"  (p  l). 
Content  areas  in  these  cultural  beliefs  that  fall  outside 
of  the  domain  of  conventional  sc'ence  (e.g.  luck,  spirits) 
are  not  regarded  as  street  science,  but  rather  as  super- 
stitions.       In  making  this  distinction,  George  goes  beyond 
the  definition       2thno-sci ence  given  by  Champagne  (11)86) 
where  no  attemp         made  to  sub-divide  the  'behaviours  and 
theories'  tow      ^  reference  is  made. 

George  (l986b)  examined  the  street  science  beliefs 
held  by  a  sample  of  lower  ability  15  year  old  students  in 
Trinidad  and  Tobago  (N  «  223),  who,  like  their  Jamaican 
counterparts,  had  all  been  previously  exposed  to  a  three- 
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year  integrated  science  programme.    She  found  that  on  an 
instrument  containing  33  street  science  statements,  matched 
with  a  True/False/Don* t  Know  response  scale,  more  than  one 
half  of  the  sample  chose  the  response  that  is  not  sanctioned 
by  conventional  science  for  73  per  C3nt  of  the  statements. 
This  study  was  limited  to  lower  ability  students  so  no 
claims  can  be  made  on  the  basis  of  these  results  about  the 
wider  population  of  students  in  Trinidad  and  Tobago.  The 
results  do  indicate,  however,  that  there  appears  to  be  a 
high  degree  of  commitment  to  street  science  by  at  least  one 
segment  of  the  school  population. 

This  preliminary  work  encouraged  us  to  carry  out  a 
more  detailed,  though  still  expioratory  investigation 
prompted  by  saveral  concerns: 

1)  to  gain  a  deeper  knowledge  and  some  understanding  of 
the  meaning  of  the  h'Mefs  themselves 

2)  to  identify  probable  specific  implications  of  whese 
beliefs  for  science  in  the  classroom 

3)  oi»  a  Wider  scale,  eventually  to  document  those 
pract ' ceswhi ch  are  advantageous  to  keep,  in  the 
face  of  strong  extra-cultural  influences  for  change. 

This  paper  addresses  itself  to  the  first  concern,  and 
to  suggesting  a  link  or  bridge  with  the  Second  by  analys.ng 
a  collection  of  local  sayings,  to  abstract  the  main 
concepts/principles  they  contain,  and  to  compare  these  with 
concepts/principles  in  conventional  science.     It  is  hoped 
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that  the  knowledge  gained  from  this  exercise  will  give 
clearer  insights  into  the  science  related  ideas  which 
children  in  our  society  mi^nt  hold,  thereby  providing  a 
basis  for  a  structured  probing  of  the  second  concern. 

DOCUMENTING  THE  BELIEFS 

Through  interviews  and  questionnaires  a  number  of 
local  cultural  beliefs  was  collected  fron;  a  variety  of 
sources  -  from  medical  personnel,  elderly  citizens, 
practising  small  farmers,  teachers,  school  children  and 
their  parents,  science  educators,  university  lecturers 
researching  bush  medicines  and  regional  Creole  and  oral 
traditions.     Both  authors  also  have  a  wide  repertoire  of 
these  sayings  as  a  result  of  living  and  working  in  several 
areas  of  t'  •se  islands.    Additionally  source  documents, 
\nz,  repoi  .s  of  the  regional  Caribbean  Food  and  Nutrition 
Institute  (CFNI)  and  the  Jamaican  bcifer..ific  Research 
Council   (SRC)  provided  further  information.  These 
institutions  have,   for  many  years,   recorded  beliefs  within 
the  scope  of  their  concerns  (chiefly  nutrition).     No  claims 
for  the  comp-<:hensi  veness  of  this  collection  is  made  by  the 
authors  since  it  is  recognized  that  such  a  claim  could 
only  be  substantiated  by  several  years  of  study.  Neverthe- 
less, tnis  listing  does  represent  the  first  attempt  in  the 
West  !nd^es  to  document  and  analyse  a  sample  of  these 
sayings  as  they  apply  to  t^e  study  of  science. 
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ANALYSING  THE  DATA 


The  entire  listing,  was  divided  into  four  categories 
(nf  ter  George  1986a) . 

Category  1      Those  follov/ing  conventional  science  principles 
e.g.     If  cookina  oil  is  poured  in  the  water 
when  green  figs  (bananas)  are  being  boiled, 
the  green  figs  will  not  stain  the  pot. 

Category  2     Those  in  which  a  conventional  science  explana- 
tion seens  likely,  bur  .s  not  yet  available, 
e.g.  'Vervine  (Stachy tarpheta  jamaicensis)  is 
good  for  worms'.     (Ti»is  plant  is  kna^n  to  have 
pharmacological  properties,  but  appropriate 
usage  hcjs  not  been  verified) 

Category  3     Those  presenting  a  distorted  view  of  conven- 
tional science 

Category  k     Those  in  which  the^'e  is  no  conventional 
science  evidence  to  si   oort  the  claim. 


The  beliefs/saying  grouped  under  Categories  3  and  k 
represent  the  body  of  street  science  which  will  form  the 
bases  for  the  analyses  in  this  paper.  A  combined  total  of 
198  sayings  belonging  to  these  two  categories  was  collected 
-  8?  of  thfTi  existing  ir.  Jamaica  only,  of  thern  existing 
in  Trinidad  and  Tobago  only  and  62  of  them  being  common  to 
both  Jamaica  and  Trinidad  and  Tobago. 

Content  patterns  emerging  from  the  raw  data  suggested 
that  sayi.-js  could  ie  subsumed  under  the  following  topic 
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areas : 

-  Animal  reproduction  -    Lunar  effects 
(excluding  man) 

-  Changes  in  the  physical  -  Menstruation 
envi  roR.Tent 

-  Child  rearing  practices  -  Plant/animal 
ano  injunctions  behaviour 

-  Food  and  nutrition  -    Plant  g  a^/th  and 

reproducti  on 

-  Health  -    f regnancy,  birth 

and  postnatal  care 

-  Household  practices  -    Properties  of  dew 

-  Human  fertility  and  -    Temperature  changes 
reproducti  on 

Not  surprisingly,  the  greater  number  of  street  science 
beliefs  seem  to  deal  with  nutrition,  '^alth,  reproduction 
and  child  care  and  food  production.    Thece  beliefs,   it  must 
be  remembered,  have  helped  to  dictate  a  cede  of  behaviours 
by  which  a  people  have  survived. 

Abstraction  of  the  main  principles  from  the  various 
content  areas  has  revealed  that  there  appear  to  be  four 
main  theme*;  running  throughout  the  body  of  beliefs  and 
across  content  contexts; 

1.  The  whole  systan  of  cause  and  effect  is  simple, 
immediate  and  direct.    There  is  no  intervention  of 
physical  and/ot  physiological  processes  betv/een  the 
two, 

2.  Linked  also  into  the  cause/effect  system  seems  to  be 
the  ready  transfer  of  experiences  and  i deas/explana t i ons 
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across  contexts.     Experiences  with  inanimate  objects 
are  transferred  to  human  beings.    Another  facet  of 
this  transfer  is  the  belief  that  the  physical  and 
emotional  state  of  human  beings  can  affect  productivity 
and  form  in  the  biological  world. 

3.    There  are  no  shades  of  grey  in  street  science.  Every- 
thing is  either  black  or  white.    Put  another  way, 
street  science  generalizes  far  more  readily  than 
conventional  science. 

k.     Special  powers/characteristics  are  attributed  to 
particular  conditions/objects 

[a]  Fema 1 eness:    The  female  of  the  species  is  a 
peculiar  being.    Thus  it  is  g'rls  who  must  not 
climb  fruit  trees;  it  is  the  menstruating  female 
whose  activities  are  likely  to  end  in  failure;  it 
is  the  pregnant  woman  who  can  improve  plant 
product!  V  i  ty . 

[b]  The  moon:    This  celestial  body  is  extremely 
important  in  the  scheme  of  life.     It  influences 
Cowth,  reproduction  and  productivity  in  the 
biological  world. 


THE  MAIN  THEMES 

CAUSE  AND  EFFECT 

The  directness  posited  in  the  relatio  ship  between 
cause  and  effect  is  perhaps  the  most  comtionly  observed 
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characteristic  in  the  sample  of  street  science  analysed.  It 
is  evident  both  in  those  sayings  which  represent  distortions 
of  conventional  science  a'-.d  in  those  vhere  the  explanations 
offered  are  different  from  those  of  conventional  science. 
For  example,  chMd  rearing  and  diet  injunctions  dictate 
that  certain  behaviours  and  food  have  a  direct  causal 
effect  on  health,  growth  and  development.    This  principle 
is  reiterated  time  and  again  in  various  sayings.  For 
many  of  these  sayings,  intervening  ano  explanatory  processes 
which  could  contribute  to  their  interpretation  can  be 
identified  in  the  conventional  science  system. 

There  s<3ems,  for  example,  to  be  a  basic  recognition 
that  foods  contribute  differently  in  ways  which  are  each 
necessary  for  the  proper  metabolic  functioning  of  the  body. 
Underlying  the  'gain  of  intelligence'  attached  to  eating 
fish  or  drinking  much  milk,  is  probably  the  realization 
that  these  are  foods  which  will  help  proper  development. 
Similarly,  the  supposedly  increased  speed  with  which  babies 
acquire  facility  of  speech  if  'nightingale  soup*  is  a  part 
of  the  diet,  would  appear  to  be  based  on  an  appreciation  of 
Che  value  of  certain  foods  for  infants.    These  facts  would 
in  conventional  science  be  explained  in  terms  of  the  high 
protein  content  of  animal  flesh. 

The  code  advising  on  means  to  enhance  virility  and 
fertility  in  the  male,  suggests  a  diet  with  heavy  inputs  of 
oysters,  '  pacro-water* ,  sea  (Irish)  moss.    Again,   chese  are 
♦ 
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high  protein  foods.    On  the  other  hand,  th^re  is  the  admoni- 
tion that  too  many  acidic  drinks  will  adversely  affect  a 
man's  reproductive  ability,  a  claim  that  has  no  base  in 
conventional  science.    Could  it  be  that  the  corrosive 
property  of  citric  acid  is  thought  to  persist  even  after 
passage  through  the  digestive  system  and  aijsorption  into 
the  blood  stream? 

In  a  consideration  of  factors  governing  weight  gain/ 
loss,  sayings  like  'nii  Ik  is  fattening',  and  'eating  citrus 
casues  weight  loss'  seem  to  be  indications  of  a  recognition 
of  the  relative  energy  value  of  these  foods.     Wrjere,  how- 
ever, street  science  conte.-^  that  it  is  the  food  i  tse 1 f 
which  contributes  to  weight  gain  or  loss,  conventional 
science  stresses  the  quantities  and  energy  value  of  foods 
consumed 

Again  the  belief  that  dri.king  cocoa/chocolate  results 
in  rotting  of  the  bones  may  be  explained  in  conventional 
science  by  the  necessity  of  calcium  for  bone  formation. 
Cocoa  (factory  processed)  and  chocolate  (home  processed) 
are  both  prepared  from  the  seeds  of  the  cacao  plant,  and 
have  high  concentrations  of  ethanedloic  aciJ,  which  would 
tend  to  take  calcium  out  of  circulation  in  the  body  by  con- 
verting it  to  insoluble  calcium  ethaned 1 oa te. 

The  admonition  not  to  eat  'rice,  fresh  fish  or  avocado 
pears'   if  one  wants  a  wound  tc  heal  (they  cause  'bad  blood'), 
is  another  example  of  the  direct  effect  of  aiftt  on  body 
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processes  which  has  surfaced  in  street  science.    The  term 
'bad  blood'   is  used  to  mean  'blood  lacking  in  iron',  and 
the  saying  may  have  some  background  in  the  realisation  chat 
forquick  liealing,  blood  properties  should  be  at  a  peak. 

Pregnant  women  are  advised  to  eat  plenty  of  ochrocs. 
Cooked  ochroes  are  'slippery',  therefore  eating  mucli  of 
this  food  will  make  delivery  easier  for  the  expectant 
mother.     'Too  much  ice  delays  the  passing  of  the  placenta- 
-  the  inference  here  is  --obably  linked  with  the  'cold'  of 
ice.     Drinking  milk  (which  is  white)  make^  the  baby  'light' 
in  colour.     In  other  words,   it  is  postulated  in  street 
science  that  the  physical  characteristics  of  these  foods 
directly  affect  the  process  of  child  birth-interpretations 
which  are  di  'ferent  from  those  which  would  be  offered  by 
convent  ional  sci  ence. 

In  ail  of  these  cases  which  deal  with  diet,  no 
cognizance  seems  to  be  taken  of  the  processes  of  digestion 
and  assimilation  which  intervene  between  eating  and  any 
effects  the  components  of  various  foods  might  have  on  body 
systems  or  processes. 

The  belief  that  *labourwill  be  long'  unless  the 
pregnant  woman  'hdS  small  portions  of  food'   is  probably  a 
recognition  of  the  fact  that  in  pregnancy,  a  careful  diet 
is  necessary  to  ensure  that  the  baby  does  not  become  too 
large  for  ea:>y  delivery.     Again  the  intervening  concept  chat 
diet  affects  the  size  of  *-  e  child,  which  in  turn  n,ay  help 
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♦^o  determine  how  difficult  a  birth  is,  is  missing  from  the 
street  science  idiom. 

I  1  lustration?  of  this  direct  cause/effect  system 
are  not  confined  to  diet-related  prooouncemen  ts .  Many 
mammals  use  the  sense  of  smel !   in  the  identification  of 
their  young,  and  are  to  be  seen  sniffing  at  their  tails. 
The  street  sci ence  warni ng  that  'touching  tha  tail  of  a 
goat  kiU  will  cause  the    other  *o  ki 1 1  it'    i5  probably  an 
extension  cf  this  con  enlional  S'-'enc:  principle.  The 
directness  of  the  result  in  stree    science,  howeN/er,  orbits 
the  intervening  explanation  that  obliterc.ir.  or  confusing 
the  scent  of  the  yc     ^  may  Cduse  Ine  rrother  to  reject  it 
before  il  can  fend  for  itself,  thus  eventually  resulting  in 
i  LS  cloath. 

On  the  other  hand,   the  very  direct  effects  of  holding 
a  guinea  pig  by  i  ts  tai )   ('the  eyes  wi  I  1  drop  out') ,  and  of 
sleeping  with  moonlight  shining  on  one's  face  ( '  t'ie  face 
will  become  swollen')  are  explanations  outside  the  realm  of 
conventional  science. 

In  street  science,  dew  is  thought  to  have  therapeutic 
properties.     'Dew  gathered  from  leaves  and  used  to  bathe 
sore  eyes  makes  them  better*;  one  is  also  encouraged  to 
'.Jt  wilting  plants  in  the  dew  to  revive  them.     In  each  of 
these  injuncti  :)ns,  a     link    which  might  explain  the  effect 
is  missing  in  street  .'ience.    The  formation  of  dew  is 


explained  in  conventional  science  as  the  condensatio  of 
excess  water  vap'.ur  in  the  atmosphere.     Provided  tha^ 
tliis  condensation  process  occurs  on  a  clean  surface,  the 
resulting  w^-er^'ill  be  pure.     Perhaps  it  is  the  sootning 
effect  of  fairly  pure  water,  free  from  irritants,  that 
'makes  the  eyes  better'.     Similarly,   the  effect  on  the 
plant  is  likely  to  be  due  as  much  cO  the  reduced  temperature 
of  the  air  at  night,  discouraging  cuticular  transpiration, 
conibined  w'r.h  stomatal  closure,  as  to  any  moi  s  tu  re  wh  i  ch 
might  be  supplied  by  'dew'. 

Another  example  of  this  direct  effect  is  the  belief 
that  sudd^Jn  temperatu  2  changes,  however  mild,  adversely 
affect  the  human  body,  resulting  in  illnesses  such  as 
'col's'  2nd  fevers.     'Colds'   in  street  science  is  an  all- 
embracing  term  cc.ering  symptonG  of  increased  mucus  secre- 
tions in  the  upper  respiratory  tract.     Street  science 
acknowledges,  with  conventional  science,  that  these  symptoms 
may  sometimes  be  brought  on  by  temp       ure  changes,  as  in 
rhinitis.     The  viral   infection  which  causes  the  common  cold 
is,  however,   totally  missing  from  the  street  science  idiom. 

TRANSFER  OF  EXPERIENCES  AND  EXPLANATIONS 

There  are  numerous  street  science  admonitions  that 
caution  about  the  prac t i ces/envi ronmenta I  conditions  that 
are  likely  to  cause  colds  and  fevers.     Thus,  for  example, 
one  is  advised  not  to  bathe  after  working  in  the  sun,  cook- 


ing  o-  ironing,  jntil  one  has  'cooled  off*.     Jrr.pl  icit  in 
these  statenents  is  the  idea  that  the  temperature  of  the 
human  body  can  be  changed  appreciably  by  an  external  source 
of  heat.    As  well,  the  fact  that  there  is  usually  the  adnion- 
ition  that  one  should  'cool  off  before  being  exposed  to  o 
cooler  temperature,  suggests  that  it  <s  the  difference 
bet  een  body  temperature  and  the  ambient  temperature  that 
is  thought  to  be  critical.     In  this  regard,  street  s  ience 
scans  to  be  transferring  the  principles  that  govern  heat 
flow  be. veen  inanimate  objects  and  the'r  surroundings  to 
human  be  ngs  in  their  entirety,  without  giving  any  cognizance 
to  ine  pri'iciple  of  homo i  o the rmy. 

Street  science  does  no*"  seem  to  include  the  principle 
that  latent  heat  of  Vc -^or i zat i on  is  drawn  from  the  human 
skin  whe  ^ver  a  cooling  effect  is  felt.     Instead,  the 
street  science  princ.^'-^  Is  that  the  cooling  effect  is  due 
solely  to  the  lower  temperature  of  the  medium  in  which  the 
individual  is.    Thus,  water  in  a  container  feels  cool  (to 
the  skin)  because  it  is  at  a  lower  temperature  than  the 
surrounding  air  and  the  room  in  which  a  fan  is  blowing 
feels      cool  because  the  temperature  in  the  room  is  'ower 
than  if  there  were  no  fan  in  it.    Here  again,  it  v;ould 
seem  that  the  process  of  heat  flov;  as  it  relates  to 
inanimate  objects  and/or  poiki lotherms  is  also  being 
applied  to  human  beings. 
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The  transmission  of  yield  and  phenotypic  effects  to 
plant  life  as  a  result  of  man's  physical  and  emotional 
state  or  certain  modes  of  behaviour,  has  no  parallel  in 
conventional  science.    The  following  are  examples  of  some 
of  these  beliefs.      Planting  yams  when  cne  is  hungry  mokes 
tne  tubers  hollow'.    When  tne  'young'  plant  seeds  they  will 
not  'bear  well',  but  if  a  'lazy  man'   plants  anything  it  will 
'bear  better'.    Using  the  fingers  only  to  piantyams  will 
somehow  affect  the  expression  of  the  genes,  ond  the  new 
tubers  formed  'will  be  just  like  the  fingers'  (fran  a 
marketi*       ^int  of  view  the  tubers  are  better  long  and 
straig  ,) . 

Street  science  suggests  that  even  after  plants  have 
reached  the  reproductive  stage,  man's  behaviours  may  still 
affeCL  yield.     For  example,   'counting  or  pointing  to  the 
fruit  on  a  vine  will  cause  them  to  drop  orf.     'A  «ingle  pod 
sh.-jld   ,ot  be  picked  from  an  ackee  (Blighia  Sopida)  tree; 
the  others  will  fall  off. 

Another  group  of  beliefs  state-'  that  a  pregnant  woman 
should  not  see  or  commiserate  with  deformity,  cr  even  hove 
unusual  cravings  for  foods,  for  fear  that  her  child  will  be 
deformed.     She  should  not  '^ook  upwards'  too  often,  or 
'drink  from  a  bottle  or  gourd'  or  her  baby  wiH  be  born  with 
'cast'   (crossed)  eyes.    There  are  no  'companions'  to  these 
ideas  in  conventional  science;  but,  as  with  plant  form, 
these  are  non-genetic  explanations  offered  for  physical 
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defects   In  the  child.     Conventional  science  now  holds  that 
the  passing  on  of  traits  from  parent  to  offspring  Is  deter- 
mined by  the  genes.     Is  there,  hove/er,  in  these  street 
science  beliefs  sc«::ething  reminiscent  of  the  once  neld 
••scientific"  view  of  the  t  ransir.i  ss  i  on  of  acquired  chorocters? 

GENERAL  ^ATIONS 

One  of  the  fundamental  characteristics  of  conventional 
scii-r.,c  is  the  necessity  for  sound  evidence  to  substantiate 
claims.     Casual  or  spasm^dic  observations  are  not  enough. 
As  a  consequence,  genera  izations  are  made  only  when  partic- 
ular patterns  persist  after  repeated  observations.    Even  so, 
these  generalizations  can  change  with  new  evidence.  These 
stringent  criteria  do  no'  seem  to  ap,   y  to  street  science 
and   th'jrc  a-e  many  cxaniplns  of  instances  where  st.'ccL 
science  seems  to  generalize  mo'-e  readily  than  conventional 
sci  ence. 

Several  of  the  admonitions  that  contain  generalizations 
deoi  with  the  natural  environment.     For  example,  minor 
earth  tremors  are  a  common  cccurrence  in  the  West  Indies 
but  major  earthquakes  arc  .,ct  at  all  common.  Consequently, 
the  existence  of  a  street  science  statement  that  attempts 
to  describe  atmospheric  conditions  that  precede  an  earth- 
quate  ('if  there  is  a  spell  of  very  hot  days,  earthquake 
is  likely  to  occur')  Indic/jtes  that  generalizations  are 
probably  oeing  made  on  tho  basis  of  limited  observations. 
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On  the  other  hand,  conventional  science  would  insist  that 
there  is  no  truth  wnatever  in  the  street  scif.nce  claim. 
Instead,  conventional  science  teaches  that  whertos  the 
frequency  of  earthqt.akes  in  a  particular  area  over  a 
specified  period  of  ti»ne  may  be  predicted  from  an  analysis 
of  earthc^uake  patcerrs  in  that  area,  it  is  almost  impossibl 
to  predict  exactly  when  an  earth-iuake  will  occur. 

One  popular  street  science  admonition  is  that  all 
mirrors  should  be  covered  during  LhunderstO'"ms  lo  prevent 
lightning  bouncing  off  the  mirrors  and  causing  death.  The 
generalizations  implic-t  in  this  admonition  may  perhaps 
be  described  best  in  the  form  of  a  syllogism: 

L  i  ghtn  i  ng     1 ooks  1 i  ke  light 

Light  bounces  off  plane  mi  ors 

Therefore  lightning  can  bounce  off  plane  mirrors 

Lightning  causes  death 

Therefore  lightning  bouncing  off  plane  mirrors 
wi 1 1  cause  death. 

The  generalizations  are  clear.     Lightning  looks  !ike 
light  and  therefore  is  like  light  in  all   respects.  Lightn- 
ing has  caused  death  in  the  past  and  therefore  will  cause 
dea<h  in  the  fu»:ure  -  even  though  the  conditions  ma'  not 
be  the  $anie. 

Insects  are  particularly  abundant  and  active  when  the 
moon  is  sh i ni ng , accord i ng  to  stree*  science.  Conventionol 
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science  contends  that  there  is  no  proof  of  this.     In  fact, 
conventional  sci ence  cl aims  that  nocturnal   insects  are  less 
conspicuous  when  the  moon  is  full  or  when  it  is  waxing 
(Kirkpatrick  and  Sinvnonds,  1958).     Consequently,  conventional 
science  would  dismiss  the  street  science  ad^Jonitions  of  not 
cutting  bamboos  or  planting  crops  when  the  moon  is  shining 
(for  fear  of  attack  by  insects)as  being  without  substance. 
One  wonders  though  whether  the  street  science  beliefs  about 
the  preponderance  of  insects  at  this  time  are  not  due  to 
*^he  fact  th«-t  these  creatures  will  be  more  visible  to  man 
during  periods  of  moonlight,  given  the  fact  that  in  many 
rural  areas  where  agriculture  is  practisec',  there  is  some- 
times no  electricity.    This  would  explain  why  the  phencmer.on 
is  linked  with  moon  phases.     In  any  event,  street  sC'ence 
does  not  seem  to  have  considered  any  other  variables  that 
might  be  operating  in  this  situation. 

The  street  science  theory  regarding  the  formation  of 
dew  is  another  example  of  a  v/illingness  to  generalize.  Dew 
and  rain  ere  similar  in  that  they  are  forms  of  water.  Since 
rain  falls,  then  dew  also  'falls'.     Thus,  one  is  advised 
to  cover  babies'  heads  outdoors  after  nightfall  to  prevent 
dew  from  'falling'  on  their  he^ds  and  causing  sickness. 

The  belief  that 'burning  land  in  preparation  for 
planting  will  result  in  good  yields'  is  perhaps  associated 
with  t^e  knowledge  that  ash  is  a  good  fertilizer.  Street 
science,  however,  ignores  the  loss  of  flora  and  fauna,  the 
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soil  erosion  and  consequent  loss  of  nutrients  promoted  by 
this  practice.    Perhaps,  originally,  the  practice  arose  out 
of  the  necessity  to  survive  -  to  clear  land  for  food,  and 
protect  oneself  from  poi sonous/i Ta ta t • ng  bushes  and  animals 
by  the  quickest  method.     Now  it  has  bccanc  a  general  pres- 
cription for  productivity. 

Examples  of    he  ways  in  which  street  science  tends  to 
generalize  far  more  readily  than  conventional  science  are 
not  limited  to  street  science  statements  that  ilea,    .ith  the 
natural  environment.     Some  stateinents  that  deal  with  food 
and  nutrition  also  seem  to  exemplify  this  tendency.  Thus, 
certain  combinations  of  foods  (for  example,  ripe  bananas 
and  rum.  ripe  bananas  and  butter,  corrmeal  and  rum)  are 
thought  to  be  lethal.     Could  these  admonitions  have 
resulted  because  of  isolated  cases  of  death  after  eating 
these  combinations  of  foods  without  any  investigation  into 
the  other  variables  that  may  hav:  be^n  involved? 

Children  in  these  islan'iS  are  o^ten  encouraged  to  eat 
carrots  in  abundance  to  ensure  that  they  have  good  eyesight. 
Conventional  science  on  the  other  hand  teaches  that  carotene 
in  yellow  foods  is  a  precursor  of  Vitamin  A  which  is  needed 
for  the  effective  functioning  of  certain  eel  Is  only  in  the 
eye  -  the  retinal  rods  which  allow  for  vision  in  aim  light. 
Street  science  also  generalizes  by  c^oimmg  that  'food  that 
has  been  kept  in  the  refrigerator  is  not  as  nutritious  as 
freshly  cooked  food*.     Conventional  science  is  more  cautious 
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!n  stating  tJ.at  the  loss  in  nutrient  value  of  refrigerated 
food  dependi  on  factors  such  as  how  fresh  the  food  was  when 
refrigerated,  the  temperature  at  which  it  is  stored,  the 
method  of  ttorage  and  the  period  of  refrigeration. 

According  to  the  local  beliefs,  one  should  no;  cot 
certain  foods  (for  example  cucumoers,  ripe  bananas,  acid 
fruits)  af  ter  nightfal  I ,  as  digesting  themwMl  be  difficult. 
Again  here,  street  science  is  generalizing  more  readily  than 
conventional  science.    According  to  the  latter,  whether  or 
not  one  suffers  from  indigestion  after  eating  certain  foods 
(after  nigbt''all  or  not)  will  depend  on  individual  tolerance 
for  these  foods.    What  is  not  easily  digested  by  one 
inaividual  may  present  no  problems  to  another.  What 
capacity  does  nJghtfall  £er  se  have  to  influence  digestion? 
Is  this  perhaps  an  oblique  reference  to  the  lower  basal 
metabolism  attendant  on  sleep,   through  the  association  of 
the  latter  with  nightfall,  an  assoc  ation  which  might  be 
stronger  in  a  rural  agricultural  setting? 

Acid  fruits  cone  up  for  further  mention  in  street 
science  admonitions  to  menstruating  females.     Taken  during 
the  menstrual  period,  the^e  fruits  are  said  to  cause  illness. 
The  belief  exemplifies,  not  only  the  direct  effect  of  fcod 
on  body  procc-.ses  discussed  earlier,  but  perhaps,  as  well, 
the  greater  readiness  of  street  science  to  generalize. 
Whereas  conventional  science  would  explain  any  observed 
illness  in  menstruating  females  after  eating  ^cid  fruits  in 


terms  of  tolerance  levels  or  other  variables  pertaining  to 
the  pa-ticjia.  ;>ituation,  street  science  is  quite  prescrip- 
tive in  its  assertion  that  these  foods  will  cause  illn< 
at  thi",  time. 

THE  ASCRIPTION  OF  SPECIAL  POWERS/CHARACTERISTICS 

The  foci  for  this  theme  in  the  beliefs  analysed  are 
the  female  human  being  and  the  moon.     The  moon  is  portrayed 
as  affecting  several  biological  processes.     It  is  thought 
to  influence  plantgrov/th  and  produc  t  i  v  i  t  / ,  the  grcv/th  of 
hair  follicles,  the  tii.-.e  at  which  babies  are  born,  and  the 
activity  and  preponderance  of  nocturnal  insects  (discussed 
earlier)  among  other  things. 

The  fciiale  hui  .an  being,   is,   in  very  many  instances, 
presented  in  a  rather  negative  'ight.    The  state  of  *female- 
ness*  is  described  as  being  almost  akin  to  a  curse, 
especially  in  its  association  with  menstruation.  During 
thif  process,  the  female  is  advised  not  to  bathe  for  fear 
y>f  illness;  not  to  bake  cakes,  as  they  will  rot  'rise'; 
not  to  pick  fruits  from  trees  since  the  fruits  from  those 
t.-ees  will  be  'sour*  to  the  taste  in  the  future. 

Curiously,  ho'/ever,  the  pregnant  woman  is  regarded 
in  an  entirely  different  light.     It  would  seem  that  the 
whole  aura  of  pregnancy  and  everyihino  connected  with  it, 
are  regarded  as  harbingers  of  'plenty',  of  productivity. 
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Should  a  pregnant  wonian  plant  a  pumpkin  vine  or  walk  over 
one.  it  will   'bear  well'.     Planting  the  umbilical  cord  er 
a  coconut  tree  ensures  its  productivity.    One  can  understand 
the  association  of  pregnancy  etc.  with  productivity,  but 
one  wonders  perhaps  whether,  as  suggested  by  Miller  (19S6) 
in  her  resume  on  environmental  education  in  Jamaica,  the 
custOiT:  of  planting  the  umbilical  cor  i  at  the  base  .r  a  tree 
does  not  also  serve  the  purpose  of  conserving  the  environ- 
ment both  aesthetically,  and  free  the  point  of  view  of 
availability  of  food  and  maintenance  of  the  oxygen  cycle, 
[incidentally  this  custom  also  hos  cultural  connotations  of 
identity  -  "My  origins  are  v/here  my  navel  string  is  buried".] 

All  of  these  street  science  principles  that  refer  to 
the  moon  or  to  'femaleness'   represent  explanations  which 
are  completely  outside  the  realm  of  conventional  science. 

CONCLUSION 

From  the  foregoing  consideration  or  what  appear  to  be 
the  main  emphas."»s  or  guiding  principles  within  the  body  o. 
street  science    knowledge    analysed,  some  tentative 

^gestions  as  to  possible  implications  for  science  in  the 
cla*    room  may  be  offered. 

Acculturation  in  a  situation  which  promulgates  the 
syndromes  of  immediacy  and  directness  in  the  cause  and  effect 
system,  is  likely  to  make  it  more  difficult  for  children 
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to  conceptualize  the  notion  of  variab       with  separate  and 
interactive  effects  -  a  principle  which  is  central  to 
conventional  science.     Could  ti  w  difficulty  inherent  in 
this  'mental  switch'  be  the  '  je  basis  of  the  classroom 
Guest  ion  with  which  science  teachers  in  our  society  are 
familiar,  despite  their  best  efforts,  "Miss/Sir  what  is  the 
conclusion?" 

The  characteristic  ten ta ti veness  of  science  may  not 
oe  easily  appreciated  where  one  is  accustomed  to  ready 
generalizations.  The  importance  of  keen  observation,  and 
the  repeti ti veness  needed  to  establish  the  credibility  of 
empirical  evidence  are  perceptions  which  might  1  at  all 
come  easily  to  the  child.  In  any  case,  no  'observations' 
are  value-free. 

The  ability  to  transfer  ideas  across  contexts  would  be 
advantageous  in  the  classroom  if  the  rules  governing  the 
situations  in  which  the  transfer  is  valid  are  known  and 
understood.    A  conflict  is  likely  to  arise,  howeve^ .  for 
students  with  a  West  Indian  street  science  backgrounc,  \ 
that  either  these  rules  do  not  exist,  or  else  they  are  not 
maoe  expl i  ci  t . 

Ascribing  special  powers  to  chosen  objects/conditions 
is  not  the  preserve  of  street  science.     This  is  a  style  of 
thinking  which  would  bo  reinforced  in  the  tenets  of  faith 
in  any  religion  -  and  ours  is  a  very  religious  society. 
Could  ihis  manifest  itself  in  a  reluctance  tc  adopc  the 


questioning  stance  espoused  in  the  value  system  of  conven- 
tional western-style  science?    Is  this  one  of  the  sc.  rocs  of 
the  inability  of  many  students  lo  formulate  working 
hypotheses? 


What  we  are  saying  is  that  a  system  advancing  direct 
effects,  ready  generalizations  and  acceptance  reflects  an 
entirely  different,  and  sometimes  contrary  (though  not  to  be 
regarded  as  nece£:,arily  wrong)  set  of  values  to  one  in 
which  the  interaction  of  variables,  tentati veness  and  a 
questioning  attitude  are  points  of  stress.     Further,  this 
fact  has  to  be  recognized  in  the  way  classroom  science  is 
approached  in  our  cultural  context. 
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A  Mode  of  Reform 
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Introduction 

Vee  diagramming  (see  Figure  2)  is  a  way  to  represent  the 
dozen  or  so  major  epistemic  elements  arrayed  around  a  Vee. 
Most  scientists  and  mathematicians  recognize  the  relevance  of 
epistemic  elements  such  as  "theory,"  "concept,"  "event/ 
object,"  "fact,"  and  "knowledge  claim."    Students  (and  their 
teachers)  can  be  taught  in  a  brief  period  of  time  to  name 
these  epistemic  elements  and  to  see  the  connections  betv/een 
elements.     Students,  then,  begin  to  conceive  the  structure  of 
knowledge  (structure  elements  and  their  relations  to  each 
other) .    Misconceptions  can  be  located  at  the  connections 
between  epistemic  elements.     It  is  a  faulty  relat^'on  between 
pieces  of  the  structure  of  knowledge  that  permits  nisconcep- 
tions  to  persist  so  strongly.     The  remedy  then  is  to  help 
both  teachers  and  students  to  reconstruct  prior  knowledge. 
The  Vee  diagram  analysis  technic  helps  learners  to  move 
between  elements--up  and  down,  across,  and  between  elements. 
This  process  of  reconstruction  of  claims  to  knowledge  is  a 
primary  learning  process. 

Part  I 

To  educate,,  in  my  view,  is  to  change  the  meaning  of 
experience.    Can  we  do  it?    Is  educational  reform  possible? 

Yes,  we  can  change  and  reduce  misconceptions. 

The  most  recent  evidence  of  change  in  science  educating  I 
have  read  is  a  Ph.D.  dissertation  study^  completed  at  Cornell 
July,  1987  by  John  Feldsine,     (Cf.  Proceedings  paper.)  He 
started  ouC  here  in  1980.    He  was  and  still  is  a  chemistry 
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teacher  of  General  Chemistry's  first  semester  course  at 
community  college  level.    He  focused  only  on  introducing 
concept  mapping  to  his  students  of  chemistry.     Seven  years 
later  he  is  stil;  using  the  technics  and  teaching  chemistry. 
For  this  paper  the  significant  facts  show  how  he  migrated 
into  teaching  most  of  the  other  elements  on  the  Vee  diagram. 
In  several  cases  his  students  were  self -empowered  to  correct 
their  scientific  misconceptions.     Such  empowerment,  to  the 
point  of  self -educating,  is,  for  me,  as  stated    •  my  book, 
Educating,  the  end  of  education.     Feldsine  successfully 
managed  to  help  make  truly  educative  events  happen  in  his 
chemistry  classes.    His  practices  - -both  of  educating  and 
doing  research  on  educating- -w<jre  governed  by  the  same  set  of 
congruent  theories.    Thus,  my  first  major  point  is  to  suggest 
that  theories  of  educating  supply  practical  solutions  to  the 
multiple  problems  of  misconceptions  in  science  and  mathema- 
tics.   New  practices,  and  new  concepts,  come  from  new 
thinki.ig  theory  stimulates. 

In  mathematics  I  will  cite  the  study  of  Karoline 
Fuata'i.^    She  taught  the  Vee  heuristic  to  Form  Five  (grade 
eleven)  students  in  Western  Samoa  (education  there  is 
governed  through  New  Zealand  by  the  British  colonial  model). 
Karoline  was  able  to  Introduce  Vee  diagram  analysis  to  two  of 
her  classes,  and  to  gee  these  students  to  use  these  ideas. 
At  the  end  of  one  semester,  her  students  using  these  new 
ideas  were  able  to  solve  novel  problems  in  mathematics.  Her 
other  students  could  not.     I  cannot  give  here  the  whole 
story,  but  one  major  and  common  misconception  about  secondary 
math  states  that  there  is  one  correct  procedure  and  one  right 
answer.     Students  who  get  math  this  way  cannot  solve  novel 
problems.    The  one  right  answer  syndrome  is  a  misconception. 
There  are  many  ways  to  solve  math  problems. 

My  second  major  point  is  to  suggest  Chat  edut  .nal 
epistemology  also  supplies  solutions  to  problems.     By  under- 
standing the  structure  of  knowledge  of  subject  matters 
(mathematics,  chemistry),  students,  teachers,  and  researchers 


have  a  mode  of  knowing  that  helps  reduce  misconceptions.  Put 
differently,  educational  episterrology  is  an  important  key  to 
a  complex  and  daunting  array  of  seemingly  separate  problems 
of  misconceptions.     See  the  Proceedings  187  papers.^ 

Educational  epistemology  is  not  sufficient,  however.  We 
need  to  coordinate  it  with  theories  of  educating  and  to  bring 
in  explicitly  Principles  of  Educating.     I  organize  principles 
into  the  four  com!aonpl,*ces :     teaching,  learning,  curriculum, 
and  governance.    Or,  as  I  have  started  to  label  it:     TLC  plus 
G.     (If  you  are  an  administrator,  you  might  prefer  G+TLC.) 
The  first  principle  states  that  all  four  of  these  common- 
places must  be  considered  together.    No  good  reform  of  either 
educating  or  schooling  will  occur  by  just  researching  one  of 
these  four.    For  example,  the  psychological  scientific 
studies  of  learning  tell  us  almost  nothing  about  teaching, 
curriculum,  or  governance.    The  100-year  search  for 
scientific  laws  of  human  learning  is  an  elaborate  and  complex 
history  of  failure.    There  are  no  laws  of  learning  of  the 
sort  found  in  thermodynamics  (say,^  the  important  second  law). 
I  generalize  from  this  history  of  failure  in  social  science 
research  to  say  that  I  believe  the  natural  science  model  of 
research  is  a  poor  choice  for  social  and  educational 
research. 

Here,  then,  is  another  misconception,  located  in  the 
philosophy  of  science.     It  is  easy  to  see  but  difficult  to 
change  the  fact  that  science  and  math  professors  and  other 
teachers  who  use  the  dominant  epistemology  model  of  their 
subject  matter  to  study  educating  are  going  to  fail  to  find 
out  much  about  educating.     Our  studies  of  the  structure  of 
knowledge  of  educational  research  give  us  evidence  of  what  is 
wrong  and  a  key  to  needed  changes.     Here  the  key  is  to  pay 
attention  first  of  all  to  events  of  educating  themselves.  We 
begin  with  educative  events  of  TLC-rG.     Not  with  Science.  Or 
Math.     Nor  the  Epistemologies  or  Philosophies  of  Science  or 
Mathematics . 


To  the  extent  you  can  accept  this  starting  point,  then 
the  next  step  is  to  take  a  look  at  some  Principles  of  Educa- 
ting.    I  look  at  some  issues  with  the  help  of  a  new  study  by 
educational  historian  David  K.  Cohen. ^    Professor  Cohen  of 
Michigan  State  University  has  not  published  this  work  >et, 
but  a  book  is  forthcoming.     I  interpret  Professor  Cohen's 
historical  analysis  as  a  study  of  change.     His  study 
contrasts  the  conventional,  perduring,  unchanging  patterns  of 
schooling  [from  19th  century  to  date]  with  the  ad  hoc 
patterns  of  reform  efforts.    Most  reforms  fail.    Most  reforms 
in  our  field  fail  to  change  much.     In  Figure  1,  I  present  a 
table  partly  inspired  by  Cohen's  work,  and  based  on  our  years 
of  study  here  at  Cornell. 


Conventional    ( 80% 

Cons  true  ti^vist  ^20%^ 

Teaching: 

Teaching  is  Telling. 

Learpipg: 

Learner  is  obedient. 
Learner  will  learn 
what  is  taught. 

Teaching  is  achieving  shared 
meaning.     Negotiating  meaning 
to  congruence . 

Learner  responsible. 
Learning  is  idiosyncratic. 

Curriculun): 
Given.  Fixed, 

Emergent,  constructed. 

Governance: 

Make  system  work  to 
serve  the  system. 

Make  system  serve  people. 
(Foxfire  is  an  example  of 
reform  within  the  system  ) 

Figure  1.     Contrasting  Views  of  Practices  in  Education. 


I  realize,  of  course,  these  simple  sentences  serve  only 
to  sketch  a  contrast.    They  do  not  explain  why  these  two 
patterns  exist.     It  is  my  generalization  (not  Cohen's)  that 
80%  of  the  time  80%  of  our  schooling  practices  are  the 
conventional  ones.     But  this  generalization  should  surprise 
no  one.     Indeed,  it  is  almost  a  tautology:     the  conventional 
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is  conventional.    Custom  is  customary.    The  dominant 
dominates.    The  schooling  system  systematizes.     I  feel 
somewhat  in  the  position  of  a  man  (or  woman)  who  suddenly 
perceives  patriarchy  as  dominant.    Or  perhaps  a  genius 
dolphin  perceiving  water.    The  familiar  surround  is  difficult 
to  perceive;  we  just  live  it.    The  conventional  is  dominant. 

Can  we  change?    Is  reform  even  possible?    Will  miscon- 
ceptions about  educating  persist  as  dorainantly  as  those  about 
science  and  mathematics?    I  am  an  optimis'j.     I  must  be  an 
optimist  to  be  an  educator:  I  believe  events  change,  and  I 
can  help  them  change  for  the  better.     In  Part  II  I  will 
discuss  change .  what  it  is  that  changes,  how  to  change 
misconceptions,  and  what  principles  of  educating  we  can  use 
to  make  constructive  reform  in  schooling  and  educating. 

Part  II 

Vee  diagram.Taing  is  a  way  to  represent  the  dozen  or  so 
major  epistemic  elements  arrayed  around  a  Vee.  Most 
scientists  and  mathematicians  recognize  the  r-^.levance  of 
epistemic  elements  such  as  "theory,"  "method,"  "concept." 
"event/object,"  "fact."  and  "knowledge  claim."    Students  (and 
their  teachers)  can  be  taught  in  a  brief  period  of  time  to 
name  these  epistemic  elements  and  to  see  the  connections 
between  elements. 

Figure  2  shows  an  arr<*y  of  epistemic  elements.     One  thing 
to  note  is  the  multiple  interrelations  possible.  Another 
thing  is  to  imagine  these  elements  occupy  different  spaces  in 
intellectual  structure.     Further,  some  elements  change  much 
more  quickly,  easily,  and  frequently  than  other  elements. 
Finally,  it  is  important  to  note  that  the  construction  of 
relations  between  concepts-events-facts  is  the  priority 
construction.     If  these  connections  are  not  well  woven 
together,  the  further  elaborations  at  higher  levels  on  the 
Vee  are  very  likely  to  be  spurious. 
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evencs,  objects 


Figure  2    The  V<>e  Heuristic  as  a  Reprgs#ncacion  of  zhe  Strtictur^ 
of  Knovledge.     A  Dozen  -Disceraic  Elemencs 

The  Vee  diagram  heuristic  has  served  very  well  is  an 
heuristic.     It  has  helped  us  disattach  from  accepted  beliefs, 
no  attach  imaginatively  to  a  set  of  separate  new  ideas,  and 
to  reattach  to  phenomena  of  educating.     It  has  helped  us 
"think  otherwise."    Somewhere  in  Educating^  I  write  that  any 
heuristic  is  a  crutch- -helpful  in  doing  things  you  normally 
cannot  do.     Further,  once  you  learn  how  to  do  these  new,  non- 
normal  activities,  you  can  look  forward  to  discarding  the 
crutch.     In  my  intellectual  progress,  I  am  getting  to  that 
point!    of  discarding  the  heurijitic.     I  am  now  coiifident  that 
Vee  diagram  analysis  is  a  real  mode  of  work.     It  is  as 
reliable  and  valid  as  any  instrument  of  educational  inquiry. 
Its  meta-knowledge  is  real  knowledge.     I  am  happy  to  support 
Jerome  Bruner*s  advice  given  to  an  overflow  audience  (1985) 
of  AERA  researchers:     "Go  Metal!"    The  Vee  diagram  presents 
meta-knowledge.  i.e.,  knowledge  about  knowledge. 

Figure  3  shows  another  version  of  the  Vee  diagram.  This 
version  was  done  by  Bernardo  Buchweitz^  for  hi3  Cornell  PhD 
dissertation  in  physics  education.     Professor  Walter  Wesley, 
also  a  physics  teacher,  uses  this  version  in  his  paper 
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CONCEPTUAL  DOMAIN 


\ 


KETHOOOLOCICAL  DOMAIN 


PHILOSOPHY 


/ 


KEY  CONCEPTS 


VALUE  CLAIMS 


KNOWLEDGE  CLAIM 


EVENTS 


Figure  3.   The  eplstemolcMjl  cal  vce.  Son>e  parts  and  rcJat  lonship.t 
«»or»g  th*  parts  of  the  atructure  of  knoi^Jcdge  <after 
Covin,  1981). 


published  in  these  Proceedings .    This  diagram  puts  labels  on 
Che  lines  connecting  epistemic  elements,,  very  much  as  ve  do 
with  concept  maps  to  connect  concepts.     It  is  a  good  Vee  to 
use  to  introduce  naive  students  Co  the  idea  chat  knowledge 
has  structure  and  that  the  elements  of  knowledge  structure 
have  specific  tests.     For  example,  the  test  for  "theory," 
coherence,  is  not  the  sarae  test  as  the  test  for  "method," 
following  a  procedure  reliably.    The  idea  that  facts  are 
records  of  events  requires  us  to  judge  that  (a)  events  did 
occur,   (b)  tacords  were  made,  and  (c)  records  made  are  indeed 
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the  records  of  events  they  purport  to  be  (one  meaning  of 
objectivity) . 

Epjstemoloev  and  Locating  Misconceptions 

Using  the  Vee  diagrams,  students  can  begin  to  conceive 
the  structure  of  knowledge  (structure  elements  and  their 
relations  to  each  other) ,    Misconceptions  can  be  located  at 
the  connections  between  epistemic  elements.     It  is  a  faulty 
relation  between  pieces  of  the  structure  of  knowledge  that 
permits  misconceptions  to  persist  so  strongly.     The  reraedy 
then  is  to  help  both  teachers  and  students  to  reconstruct 
prior  knowledge.     The  Vee  diagram  analysis  technic  helps 
learners  to  move  between  elements- -up  and  down,  across,  and 
between  elements.    This  process  of  reconstruction  of  claims 
to  knowledge  is  a  primary  learning  process. 

From  Epistemologv  to  Learning 

Knowing  that  results  in  knowledge  is  a  special  kind  of 
learning.     Knowing  and  learning  are  related,  but  they  are  not 
the  same  thing,     I  present  here  one  attempt  to  show  relations 
of  the  epistemological  Vee  to  the  learning  Vee.^ 
The  Learning  V 

The  mam  activity  oi  learning  as  an  eventful  process  is  that  ni 
reorganization.  The  active  reorganization  of  grasped  meaninj^ 
involves  us  in  a  large  number  of  different  actions  of  integratmj; 
and  differentiating.  Let  us  place  this  activity  on  the  learning  V 
(cf.  Figure  4), 

The  learning  V  shows  us  a  way  to  use  what  we  know  alxiut 
epistemological  elements  to  think  about  what  often  are  taker,  to 
be  psychological  elements.  Caveats  are  necessary.  Whatever  thi- 
relation  between  the  epistemological  and  the  psychological  is.  n 
is  not  a  reduction— that  is,  we  are  not  reducing  knowing  to  learn- 
ing, ,At  the  same  time  we  recognize  that  knowledge  is  con- 
structed by  people,  it  should  not  surprise  us  to  find  a  relation 
between  knowing  and  learning.  Furthermore,  and  perhaps  moM 
important  philosophically,  knowledge  is  not  the  sum  total  ol 
experience.  Most  twentieth-century  philosophers,  in  contrast  lo 
classical  philosophers,  accept  the  point  that  knowledge  is  onlv  u 
part  (and  a  small  part)  of  human  experience.  Perhaps  the  rise  ol 
scientific  knowledge  has  helped  philosophers  accept  the  dif- 
ference between  knowledge  and  experience.  There  is  much 
more  in  experience  than  knowledge,  and  knowing  that  resulis  in 
know  ledge  captures  onlv  a  small  part  of  even  known  experience: 
Knowledge  is  always  limited,  partial,  incomplete.  *  * 
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,   A  fina!  warning  talis  to  mind  the  misedutJtivt- 

workings  of  indoctrination.  <onditionmg,  siKiahzation,  and  the 
like.  What  is  learned  under  these  miseducative  conditions  is  not 
uhar  I  mean  by  learning. 

L  earning  here  is  nested  m  the  context  of  educating.  Fxammc 
Figure  4.  Note  that  the  main  arms  of  the  V  are  related  the 
activities  of  (juebtioning  and  the  activities  of  answerinir  yiiei- 
tioning.  like  most  of  the  verbs  on  the  conceptual  sid*.  '>f  the  V. 
works  to  separate  things.  Questioning  is  initially  disorganizing;  ii 
unsettles  fixed  and  itable  claims  Perhaps  we  have  here  a  reason 
whv  much  of  sch(K)ling  practice  has  no  genuine  questioning  in  it 


LEARNING 


V 

IttsTS 

Ftgitrf  4    The  learning  V 


(Recently  a  teacher  was  overheard  to  announce:  "When  I  want 
vourquestions,  I'll  give  them  to  you.")  Questioning,  imagining, 
speculating,  criticizing,  philosophizing,  thinking  arc  all  wavs  of 
separating  things  so  rccombining  can  occur.  These  actions  pull 
thmgsapart  so  they  can  be  put  back  to['ether  m  a  different  and 
more  satisfactory  and  satisfying  way.  A'iswering,  as  indicated  by 
ihe  verbs  on  the  right  side  of  the  V,  works  to  organize  claims  in  a 
definite  and  stable  way.  Much  of  school  practice  consists  of  giv- 
ing definite,  almost  concrete  answers.  Perhaps  boredom  sets  in 
as  answers  are  given  to  questions  that  were  never  asked.  The 
activities  of  recording,  transforming,  and  claiming  are  wavs  of 
establishing  answers.  When  the  connection  is  made  between  a 
g<H>d  question  and  its  appropriate  answer,  we  believe  learning  is 
possible. 
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Another  PhD  dissertation  study, ^  done  by  'Laine  Gurley 
(Dilger),,  makes  the  vital  coniiection  between  active  learning 
and  responsibility.     In  a  year  long  high  school  biology 
course,  students  instructed  in  use  of  Vee  diagrams  were  found 
to  be  "on  task"  in  labs  upwards  of  90-95%  of  the  time, 
compared  to  40-45%  of  "on  task"  behavior  of  non-Vee 
instructed  pupils.     Follow-up  interviews  showed  evidence  that 
Vee -ins  true  ted  students  felt  more  responsible  toward  their 
own  learning  than  they  had  felt  before;  the  Vee  empowered 
them  to  take  charge  of  their  learning.    Many  more  of  these 
school  uses  are  reported  in  Learning  How  To  Loarn.^ 
Principles  of  Educating:     "Go  Educating ! ! " 

In  the  same  spirit  of  Bruner's  conceptual  commitment  to 
"Go  Meta."  I  advise:     "Go  Educating!"    Much  evidence  exists 
of  the  validity  of  claims  put  forth  in  Educating.    Not  all  of 
the  claims  have  been  tested,  so  more  work  is  needed.  But 
some  claims  have  multiple  sources  of  support. 

Concept  maps  and  Vee  diagram  analysis  can  be  taught  and 
learned  from  first  grade  on  to  professors  with  tenure.     It  is 
enormously  gratifying  to  me  to  see  senior  professors,  such  as 
Feldsine  ard  Walter  Wesley  "co.ne  alive"  again  when  they  get 
afresh  the  idea  of  making  educative  events  happen.  These 
people  change  their  minds  and  their  work  changes.    Here  is 
energy  for  educative  reform.    Further  we  continue  to  get 
evidence  of  the  creative  intellectual  power  of  children. 
Disaster  developf  somewhere  between  ninth  grade  and  college 
seniors . 

In  all  of  our  studies  where  we  have  asked  the  question  we 
find  much  evidence  of  the  educative  value  of  relating,  in  a 
deliberate  and  explicit  way,  thinking,  fo.eiing  and  acting. 
We  can  get  at  thinkini?  through  concept  maps      Feeling  we  can 
get  at  through  interviaw,  and  through  video- stimulated  recall 
tapes. and  through  written  materials  students  give  us  about 
these  matters.    Then  I  see  the  release  of  energy  aroused, 
channelled,  focused,  and  relished.     It  is  a  good  thing  for 
human  beings  to  work  at  the  integration  of  thirking,  feeling 
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and  acting.    Acting  is  behavior  governed  by  meaning.  When 
teachers  and  students  understand  meaning,  and  changing  the 
meaning  of  human  experience,  then  their  acting  is  informed. 
They  take  charge  and  they  learn  to  trust  their  ovm 
experiencing. 
Governance 

The  ethos  of  classroom,,  lab,  studio,  field  work,  etc. 
should  be  toward  shared  meaning,  toward  mutual  accommodation, 
toward  that  secure  cooperation  that  achieves  shared  purposes . 
When  this  ethos  is  working,  then  the  need  for  external 
governance  diminishes  markedly.     For  exarple ,  a  whole  change 
in  tho  quality  of  educative  human  experience  comes  about  when 
we  change  cur  mind  about  teachers  causing  learning  Teachers 
cause  teaching;  and  learners  cause  learning.    Teachers  do  not 
cause  learning.     Learri'>rs  must  first  choose  to  learn.  That 
choice  comes  before  any  resolute  "deterministic"  effects. 
Her^  Is  another  place  where  educational  epistemology  recon- 
structs the  meaning  of  old  philosophic  issues  of  choice  and 
determinism. 

And  I  might  add  I  see  a  failure  in  recent  works  on  the 
ethics  of  teaching  and  administration  that  attempt  simply  to 
apply  philosophic  treatments  of  ethics  to  educational  events. 
The  failure  comes  from  the  starting  point.    We  should  start 
with  educative  events,  and  then  see  which  is  and  is  not  the 
ethics  in  these  events.    Utilitarianism  and  Deontological 
positions  in  ethics  as  treated  by  professional  philosophers 
cannot  be  Just  applied  (like  a  coat  of  paint)  to  education. 
We  have  to  work  it  through  case  by  case.     Kohlberg's  work  is 
the  classic  case  of  failure. 
Empowering  Teachers  and  Students 
Educative  Episodes:     Plateau  One. 

What  did  I  do  to  empower  John  and  Karoline?    What  do  I 
mean  by  "empowerment"? 

I  realize  now  that  slowly  the  term  "empowerment"  is 
coming  into  more  frequent  use.    As  its  use  spreads  so 
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ambiguity  will  develop  because  language  is  creative  and 
meaning  changes  ubiquitously. 

(a)  I  believe  my  first  concern  is  to  help  students  and  teach- 
ers to  trust  their  ovm  experience.     I  try  to  validate 
thnir  own  prior  knowledge.    I  try  to  get  them  to  "put 
something  on  the  table"  so  we  can  begin  to  negotiate  and 
share  meaning. 

(b)  Next,  I  give  them  something  to  <Jo.     Right  away.  They 
make  concept  maps  of  something  in  their  experience  that 
they  know  very  well.    Thej.r  prior  knowledge  gets  ex- 
pressed through  concept  maps.     Gowin's  Vee  is  like  a 
large  concept  map  of  epistemology.    They  begin  to  learn 
new  ideas  through  using  them  heuristically  in  their  own 
fields.    Having  something  new  to  do  underlines  the 
importance  of  making  events  happen.     The  concept  map 
technic  not  only  is  something  new  to  do,  it  validates  the 
students'  knowledge  and  gives  chem  a  new  power  over  their 
ovm  minds.     Sometimes  this  experience  is  marked  by  feel- 
ing frustrated  and  agonizing  over  inadequacies.     But  it 
always  helps  to  put  the  shoe  on  the  other  foot- -to  help 
them  realize  they  have  power  over  their  own  learning- - 
indeed,  no  one  else  cai.  learn  for  them.     The  teachers  do 
not  cause  their  learning.    This  insight  usually  releases 
energy  and  results  in  great  diversity  of  student 
responses.     Gradually  we  all  begin  to  realize  we  each 
organize  our  conceptual  images  differently.     Perhaps  we 
realize  it  is  because  of  our  past  that  we  each  and  all 
have  largely  idiosyncratic  experienc.s .     Learning  and 
knowing  that  are  truly  ours  are  different  from  other  per- 
sons, but  these  differences  can  readily  be  shared  through 
language  and  educating.     Such  diversity  is  to  be  prized. 
Experience  can  be  shared,  and  that  makes  educating 
possible . 

(c)  Learning  about  learning  takes  time.    All  learning  takes 
time.     And  the  time  it  takes  is  different  for  all 
learners.     Time  is  a  tyranny  in  most  organized  schooling 
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practices.    Usually  time  is  used  co  control  effort 
directly  rather  than  to  control  meaning  that  controls 
efforts.     (Cf.  Educating.  Chapter  6,,  "Governance.") 
By  making  these  claims  I  begin  to  share  with  my  students 
a  subtle  insight  that  perhaps  they  can  control  the  schooling 
system  by  controlling  how  they  spend  their  own  precious  time. 

Plateau  One  just  described  above  is  usually  reached  by 
about  the  first"  third  of  whatever  time  I  have. 

(2)  Plateau  tv  .ires  students  to  become  competent  in  Vee 
Diagram  analysis.    They  analyze  other  people's  works.  I 
usually  ask  them  to  go  after  the  major  authorities  in 
their  field     They  analyze  research  papers,  books,  text- 
books, position  papers,,  state-of-the-art  declarations, 
philosophies  of  the  discipline.     Empowerment  r6sults  when 
they  come  to  understand  how  fallible  and  limited  expert 
authority  is.     Experts  disagree.     Each  'ceacher  must 
construct  their  own  curriculum  and  become  their  owr 
authority.    One  among  many,  but  still  one. 

(3)  Plateau  three  begins  when  students  initiate  their  own 
research.     As  they  complete  this  research,  they  realize 
their  own  self -educating.    My  job  is  done  when  theirs  is 
under  their  own  power.    What  I  am  able  to  achieve  with  my 
students,  I  expect  them  to  see  they  can  also  achieve  with 
their  students.    Teacher -student  interviews,,  audio  and 
video  taping  are  highly  recommended  techniques,  something 
to  do  that  makes  records  of  new  events.     These  records 
can  be  studied  together  by  teachers  and  students.  And 
gradually  an  educational  Vee,  a  structure  of  knowledge 
about  educative  events,  is  constructed.    As  events  change 
in  the  future,  these  Vees  will  also  change!  Educative 
events  are  eventful . 

Part  III.    Concluding  Comruents. 

A  worried  professional  asked  me  recently,  in  a  despairing 
tone,  "But,  where  do  you  bite  the  elephant?"    Isn't  the 
problem  just  too  big,  aren't  required  changes  too  many?  The 
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resources  too  few?    The  thought  of  schoolfng  as  a  lumbering, 
intelligent  elephant  bc'.ng  bitten  hard  enough  by  a 
Philosophical  Gadfly  to  change  direction  seems  ludicrous  at 
first.    My  response,  however,  shows  the  optimise:  make 
changes  where  you  know  something.    Reform  knowledge  is  local. 
Reform  can  occur  in  each  of  the  ^our  commonplaces. 
Teaching. 

(1)  Change  our  minds.     Change  from  Conventional  to 
Construe tivist. 

Change  our  concepts.    Go  Meta! 

Change  from  reductive  simplicities  to  the  set  of 
simplifying  assumptions  of  TLC+G.. 

Learning. 

(2)  Teach  students  to  learn  about  leai     ig.  Promote 
Tn irking.  Feeling  and  Acting:    Don' t  leave  out 
feelings ! 

Currlcuj-Mfl!- 

(3)  Change  the  Currict'lum.    Use  structure  of  knowled^^e, 
Educational  Epistemology ,  Vee  diagram  analysis. 
Construct  textbooks  and  syllabi  and  lab  manuiils  so 
these  show  levels  of  intellectual  space,  so  they 
become  more  concep  •■.ally  coherent  and  assessible  to 
students.    Don't  leave  out  Value  claims. 

Change  svstem  to  serve  people.     Show  how  organiza- 
tions can  learn. 
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Mark  Twain  (of  Elmira,  New  Vork  fame)  wrote  "nothing  so 
much  needs  reforming  as  other  people's  attitudes."  Perhaps 
our  own  attitudes  can  change  as  well.     I  know  mine  have  over 
the  years.    My  optimism  is  tolerable  when  I  remember  the 
80%/20%  split.     I  believe  it  is  reasonable  to  claim  that 
education  reform  is  realizable  when  powered  by  a  comprehen- 
sive, albeit  complex,  constr    tivist  point  of  view. 
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MISCONCEPTIOHS  IN  SCI^^CE  &  MATHEMATICS 
A  View  From  Br > "a In 
V.E.  Hartfree 

The  mi. -concent ions  m  science  and  Otatheiaat Ics  are 
many  and  varied,  and  any  naper  aoout  these  cj^n  do  little  inore 
than  scrape  the  surface,  so  those  mentioned  hereunder  caii  be  but 
only  a  sample  of  the  nore  coi.«<uon  ones. 

Firstly,  we  need  to  differentiate  between  the  mis- 
conceptions of  adults  and  children,  although  soat  ihisconceptions 
do  exist  among  both  groups.     Ac  exanplc  of  this  is  a  tern  liice 
transistor.    To  both  adult  ajid  child  alike,  a  transistor  can  be 
anything  froa  a  complete  radio  or  record  reproducer,   to  a  mysterious 
device  used  m  electronics  or  evei*  a  complete  chip.     Adults  have  trie 
■lisconccpt  ion  that  transistors  wear  out  -  and  use  the  term,  often 
related  to  the  device  -  'the  transistor  has  i^oiie' ,    This  Is,  of  course, 
entirely  false  -  provided  they  arc  operated  wltnln  their  designed 
limits,  transistors  will  last  foi  ever,  and  It  is  only  wnen  they  are 
overrun  that  the  resulting  heat  destroys  them,  the  most  frequent 
cause  of  failure  being    due  to  a  capacitor  falling  clsewnere.  Adults 
also  think  that  transistors  are  c^cllcate,  wnereas  they  are  extrcutely 
robust.    Since  transistors  are  relatively  new  to  society  -  they  were 
not  discoTered  until  1948  -  th33c  are  misconceptions  that  caniiot  have 
•Aisted  before  that  time.     Where  then  does  the  misconception  originate? 
Radio  and  electronic  equipment  was  designed  around  t  n«»  thentiionic 
valve,  or  what  Americans  calJ  more  accurately  the  vacuum  tube.  *hy 
did  early  radio  and  electronic  cn/^inecrs  call  them  valves?  Flemings 
valve  was  Invented  in  1904,  aod  the  device  allowed  current  to  flow 
in  one  direction  only,  and  eventually,  when  the  third  electrode  was 
added,  the  current  flow  could  be  controlled.     It  Is  naidly  surprising 
then  that  the  term  valve  came  Into  use  -  since  this  Is  exactly  what 
valves  do  -  they  control  flow.    The  fact  that  the  device  would  ojily 
operate  in  a  hard  vacuum  was  completely  ignored,  so  ooviojsly  a  i,ound 
case  can  be  mide  out  for  calling  theui  vacuum  tubes,  but  Is  this  as 
sound  as  it  a-^^pcars?    T'he  term  VHcuum  tube  docs  not  tell  us  what  the 
device  ooes.     How  valves  and  vacuutn  tubes  arc  delicate,  since  the 
method  of  operation  Is  to  have  a  red  hot  wire  filament  In  a  vaciuum. 
This  necessitated  surrounding  the  device  by  a  glaso  envelope,  - 
later  metal  -  easily  oroken.    ;vhcn  the  trajislstor  made  Its  first 
appearsnce  -  they  were  equated  nth  valves  -  after  all,  to  the  Inyman 
they  diJ  the  same  tnin/:,  physl-^ists  and  electronic  e.iglneers  will  Know 
that  there  was  little  It.  ^jomnion  between  early  transistors  and  vacuum 
tubes.    Valves  burn  out  bb'^ause  the  filament  breaks,  -  tney  wear  out 
because  the  electron  euittln^j;  substance  -  the  strontium  oxide  layer 
on  ♦Ue  filament  becomes  con»pletely  vapourlsed  or  harde*is  so  that  Its 
surface  does  not  emit  electrons.    The  common  term  used  was  'the  valve 
has  gone*.     Is  it  so  surprising  then  that  this  was  carried  on  into 
the  translator  age*?    These  terus  or  sayings  had  beeu  in  common  use 
for  ?t)  years  or  more,  and  had  become  part  of  the  language. 

Scientists  search  for  the  truth,  ajid  techiiologlsts  use 
science  to  solve  proolems,  but  In  f^e  past,  once  having  solved  the 
problem  or  discovered  the  truth,  little  was  done  to  disse.nlnate  the 
discoveries  outside  their  own  circle.  Scientists  and  technologists 
are  renowned  poor  communicators.  In  Britain,  one  has  only  to  visit 
the  local  ooctor  and  w^lk  away  with  his  nrescrlptlon  to  the  pharmacist, 
or  as  the.  Americans  say  -  the  drug  store,   for  the  proof  of  tnis. 
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It  is  a  wonder  that  mmiy  catastrophic  errors  ai e  not  made,  since 
most  prescriptions  have  the  apnearancM  of  being  iliegiole.  Does 

the  pharmacist  guess  what  is  required  by  calling  on  his  ItfiOienSe 

Knowledge  of  phnr-nacy  or  not?    What  is  not  Known  Is  how  often  the 

-iharmacist  contacts  the  doctor.     Joes  he  do  this  whefi  he  tells  the 

recipient  to  call  OarK  in  say  half  an  hour,  *nen  perhaps  he  snoulu 
say,   M  cannot  read  this*? 

In  Engineering     Technology  is  this  lack  of  couiOiunicatlon 
deliberate,  and  is  it  a  'carry  over*  from  the  Vlctoiian  engineers? 
iranel  certainly  expressed  the  oolnlon  that  he  wad  the  engujter,  and 
that  he  did  not  want  his  drivers  on  the  G.W.  R.  to  be  Knowledgeable 
of  engineering,  least  they  thought  that  they  could  maKe  a  better  job 
of  adjusting  his  locomotives  than  he  could.    This  certainly  percolated 
down  through  the  Victorian  and  Edwardian  periods  among  the  railway 
engineers  since  Ougald  Druj^iiiond  expressed  exactly  the  same  sentlme.tts 
In  191?,   and  Klchard  Maunseli   reiterated  the  same  sontl:itents  to  some 
locomotive  dx  ivers  as  late  as  193'?.     A  century  of  this  doctrine  must 
have  become  Ingrained  in  our  society.    The  problem  is,  how  do  we 
overcome  It?     Do  we  have  a  parallel  case  with  the  Nuclear  Power  Industry? 
\toaic  power  stations  have  been  onerating  in  Britain  since  I9'j6. 
Little  effort  was  made  to  educate  the  masses  on  the  advantages  of  the 
generation  of  electricity  using  nuclear  fuels.     it  does  appear  once 
again  that  the  masses  arc  being  misinformed,  and  little  Is  being  done 
to  redress  the  balance.     In  fact,  it  took  a  near  disaster  at  Chernooyl 
.n  the  Soviet  Union  for  ai'ything  to  be  done  at  all,  ajid  It  Is  only 
since  that  time  that  any  real  effort  has  been  made  to  correct  the 
fRlse  concepts  of  the  dangers  of  the  nuclear  power  Industry.  Ul 
too  often  cases  are  prese.ited  as  negative  ories  rather  than  positive 
ones,  and  little  is  done  about  it.    The  6  mile  Island  incident  was 
displayed  very  prominently  In  Britain  as  an  examnle  of  why  we  should 
not  build  high  pressure  wp.ter  reactors,  and  when  it  was  put  to  the 
antl  nuclear  loooy  thiv  no  accident  actually  ocurred,  tney  quite  glibly 
said   'but  think  of  what  could  have  hanpenedi     As  far  as  I  am  aware, 
the  counter  argument,  that  there  war>  sufficient  control  to  avert  a 
disaster,  and  this  control  was  put  Into  effect,  was  never  put  - 
certainly  not  on  the  Hritlsh  side  of  the  Atlantic,  and  this  Is  where 
the  people  who  are  Knowledgeable  are  doing  the  whole  community  a  great 
disservice. 


This  perhaps  begs  the  question  -  uo  engineers  and 
Technologists  actually  encourage  this  lack  of  cow^fiunl cat  Ion  -  I.e. 
is  it  deliberate?     As  a  result  we  do  have  a  real  problem,  worldwide, 
.he  disadvantages  of  the  generation  of  electricity  by  usiig  nuclear 
fuels,  arc  the  subject  of  ,^orld  wide  protestations  oy  particular 
pressure  groups  -  often  referred  to  as  the  anti  nuclear  lotby.  These 
groups  are  often  m  jtakcnly  referred  to  as  tne  nuclear  disarjiers. 
It  is  not  the  nuclear  dlsaimers  to  which  I  refer,  out  the  aiiti  nuclear 
campaign  -  I.e.  no  nuclear  energy.     As  far  as  I  am  aware,  there  are  no 
organisations  existing  wnlch  say  w^  should  build  nuclear  power  stations 
to  prevent  the  discharge  of  lar-ge  volumes  of  sulphur  dioxide  into  the 
atmosnhere  to  prevent  acidic  rain.    They  do  protest  about  acidic  rain 
and  the  destruction  of  trees  in  Norway,  but  tney  do  not  suggest  that 
the  coal  fired  ourning  power  stations  should  be  replaced  by  nuclear 
power  stations.    The  scieatlsts  and  technologists  have  once  again  failed 
to  out  the  positive  aspects  to  the  nonul  ts.     It  does  appear  that  the 
masses  are  once  again  belnf,  'tilsint  ormed ,  and  little  is  oemg  done  to 
redress  the  imPaiance. 
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'''he  disposal  of  nurlear  wnsie  is  topical  and  tjives 
cciirern  for  tne  safety  cf  people  livlii^  ,iear  nuclear  power  stations, 
but  it  Is  doubtful  thTt  m?iiiy  of  their  fears  are  justified.    There  Is 
soae  Inevitable  rlsK  i/i  any  operation,  tnether  it  be  medical  or 
otherwise,  out  what  has  to  Oe  rarei'uUy  considered  Is  tne  advantages 
gained  against  the  disadvantages.     Is  the  risjc  worth  taxing  or  Is  it  not  - 
just  how  Dig  Is  the  risk,   and  is  it  acceptable?    Again  engineers  and 
technologists  are  aware  of  the  iis<s  -  but  do  they  ^ive  theo  enough 
publicity,  and  do  they  put  them  over  In  a  fair  and  nropei  manner? 
To  me  It  seenb  extremely  unlikely  thai  they  do  -  and  it  would  appear 
that  the  yiew  is  ta<en  u  it  it  might  be  belter  if  they  were  hidden,  i.e. 
we  will  say  nothing  about  tnis'.     Ignornnce  is  tne  order  of  the  day  - 
it  Is  the  safety  valve  -  <eeD  the  oasses  ignorant  and  you  will  be  safe  - 
until  that  is  that  somebody  finds  out.    By  then  you  hope  it  will  be  too 
laie  10  uo  anything  aoout  it  because  the  misconreot i ons  will  oe  well 
looted  and  very  difficult  lo  eradicate. 

sripntifi^  n/'!^^°"^f^^^°"?       Mathematics  may  be  erisier  to  erase  than 
fotfi^V  ;      i  terhnologi.  al  misroacent i ons.     >,uch  of  technolOiv>  is  a 
Jflim^ffs^P  ''"^  '^^''■^  »t  terhnology.  Many 

?h^  oihePr'  IT  \°  technology  -  some  .ore  ^iceessfiuy 

oc^r°    I  "^^''^  boundary  between  science  and  technology 

and  tLhnn^n^i^'''V^'^f^  ^^^^         difference  between  applied  science 
calculated,  but  in  technolo/:y  there  has  to^  some  decree  of  intuition 
thenTt  -  ^°  it'»  °'   'that  is  abou  ?ighf 

geTth Lk'  ™  h^^'.  the  engineers  and  technologists 

get  tningo  wrong.     if  they  did  not,  then  disasters  ll<e  the  destructioii 

»  h  "f^^"^^""  "^'''^^^  ''a^^^a  narrows,  a  nl  tne  Kl  ford  Save 

the    hnfp'n^^?  disasters  would  never  have^curreSf  J^ently' 

a??e?  ?he  L'ei^'nf''  f  ''^^  °"  "  m  ques  on 

The  arcidenrra?f^?n^  ^'''^  '^^'f  accepted? 

hf  '*^fj''^"t  rate  for  cross  channel  ferries  Is  very  lo*  -         it  thnt 

s  .9  r:rr.r;.::i  ;ffi,-:r,:;,;r.'  fz^~  ^r" 

is  the  nor,u  ,r™L-    c^ool   si^.'^  t       U  ,„i  tat .  ons  of  est  l.„:.t  1 0,. 

are  rarelv  siiff(^Ti„M„        subject  ire.is.     Even  i,.  Kathej.atics,  pupils 

prevent  this"     I„  many  ?at  '"""^  teanhiua  strategies 

Is  often  coasoicuorby  I  s  ^bs  ,^'e      'hlo  ".I'"  °"         "'"^  °'  '"«8"""<'c 
of  the  caicaUition,  thit  th^  n^n  i.'     1?^  surprisui^  since  «.ost 

ad.lf  working  I   f.  .  ,  PUP. Is  will  have  to  raaxe  duri.m  their 

the  wad'gu"!.  '  Thi^??S  ^uesT,'r''-"'n  est.Satio,.  with 

whatever    whe^e-.-  fh,.^^r^  '^"^^^        usually  oased  on  1.0  information 

i«?orIat  on  a^pos-  ^bir^nd  tw„'f''"'''°^  «•""«='■'•••«  -"'s  .ouch 

■  ^        nle.i,  of  tne  order  of  .i.agn i tude. 
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i-^"^  °^         things  that  becomes  apparent  is  the 
difficulty  of  teaching  estimation  a.id  the  order  of  magnitude, 
but  this  does  not  mean  that  we  should  fight  shy  of  u.     T*he  itodern 
world  has  become  a  comnuter  orientated  society  -  ini.'eed  the  present 
trend  appears  to  be  one  where  a  computet   Is  purchased  and  we  look 
lor  jobs  it  can  perform.     The  practice  should,  of  course,  be  the 
other  way  around.     |f  we  have  bome  tas<  to  undeitaxe,  then  consider 
if  a  computer  can  do  it  more  accurately  and  rbore  efficiently. 

^^^^  f^oncern  is  to  ensure  that  the  computer  gives  th.- 
^  ?o  thl'^  ""^"^  "^"^^  '^''6"^  that  the  computer  ca-.not  poasibly' 

give  the  u.oiig  answer,  since  it  gives  an  accurate  answer,  given 

iSrrlCt  [n?oi™^fr*'V^^"^  supplied.     How  do  we  Know%hat  the 

correct  information  has  been  fed  into  the  computer?    i.e.  tne 

?h^^«f^^'^''°''"''^;.  '^^  ""^^^  ^°  '^"^'^  the  order  of  magnitude  of 
the  answer,  oecnuse  if  the  wrong  answer  is  being  suoplTed,  the 

ve^'"cUarir?::[  ''^'^'f        ''''         ^^^^  will  indicate 

very  clearly  tnat  something  Is  amiss. 

nomencla*ur^o^"^^"'^^''^^;?"^^"^^^"  ^°  ^'^^^"^  "^^^  ^'lolear 

nomenclature  or  the  misunderstanding  thereof,     for  exafi.nle.  the 

not  '  ITh?p''''?'  n^nils  Is  that  aP.ir 

in  that  IninfrJf  "^i^  ^°  ^^"^^^        "^'^'^  teaching  strategy, 

'^'^^'^^^^^^^  -  nroofV  Other^^;..on 

ihl   i^?'   Indlre.-:.  have  to  be  whole  nuri.bers. 
(b)   indices  only  operate  to  the  base  lo,  (altnouyh 
b.K.  P.  and  computer  studies  have  gone  a  Ion*; 
I  ^   .^."''^  '°  eradicating  this  one) 

„  ^'.f^^  ^"'J  do  not  KOilt  li,  all  caaes. 

{el  l0^l'%':Va':''' 

school  of  thought  tha    sajl  -the  tMrLl  ^'""-^^  entrenched 

u  r  ?  '^"^^  rhf:ar?^cu^---b. 

combined  .L^^  '.trenatheried ,  but  this  Increase  ,«ay  well  move  t(>e 

t7,f  ih    e  s    ucture'^nd  r'^^V' "-"-■"■6 

structure  can  Uke  the  load  that  the  whole 

be  taKen  by  the  st%uclure"«n"h  ^ 

Is  removed  then  the^ho^e  Tfr,  T  "'"^  '""■''""lar  «.e,.Der 

loads  build  up       An  "5aLle  of"  '"^^''^f^  '''^  accu.nulat i ve 

of  flats  at  honin  Pn^M?  in  I     H  '"^         coUapae  of  the  bloc< 

of  an  Inside  wall     L.H  '-""don.     a  gas  explosion  blew  away  part 

Of  flal"s'sUd"d        to'eround^^v"  1'  ' f"""  "'"'^ 

the  „ress,ire  foi  ned  by  the  ,ei«hr  of  "ll-iPfe  was  caused  by 

fifth  floor,  the  one  lith                V  """"  ''""'ea  onto  the 
tower  bloc<  ..n,V           ^    ,                       sections.     Although  this 

«°1  s  S  °up    0  IPo'no^s  ^"fhod'"  Pres=urfs  0,.  the 

happen  If  S,.e  of  the  Jnfirin^  """'d 
abov%  had  not    ve e       0,  s  d:r  ' 


In  Physics  ana  Chemistry,  tne  ronfusion  between 
weight  and  mass  Is  no  nearer  solution,    ^hls  lalsroncept  Ion 
coatlaues  to  exist  at  all  level:;  -  student  and  adult  allKe. 
The  space  programme  has  been  lnstru»tJe.ital  In  making  a  start 
to  solve  this  problec,  but  educational  I  .t:>  have  so  far  faileu 
to  capitalise  on  tnls  fully.    Because  the  media  is  able  to  show 
visually  ihat  astronauts  in  space  are  weltjhtlebS,  and  tneie  Is 
plenty  of  talK  about  escaping  from  th<  earth's  gravity,  tnere 
Is  some  laproveiaent  In  the  lay  persons  understanding  of  weight 
and  gravity,  but  macs  is  a  term  that  Is  seldom  used,  and  Is  one 
that  Is  certPlnly  not  understood.    There  Is  another  misunderstanding 
that  is  troublesome  and  tnb.t  Is  the  belief  tnat  only  the  earth 
has  gra.vlty.    As  space  travel  becomes  more  the  norm  In  say  the 
year  ?O50,  then  the  difficulties  of  understanding  weight,  gravity 
and  mass  are  likely  to  increase  for  the  average  pupil,  but  for  the 
*A*  level  student  of  Physics,  these  concents  are  llicely  to  oe  wore 
easily  understood  since  the  syllabus  content  now  includes  worK  on 
satellites  etc.     In  many  schools  tnere  Is  already  a  dlvlsloi*  between 
the  Sclence/''*echnology  students  and  tne  rest,  and  I  am  told  that 
this  Is  particularly  annarent  m  the  U.S.A.  where  the  problem  Is 
sufficiently  entrenched  that  the  result  is  that  senlnars  sucn  as 
this  one  are  beln^^  called  In  order  tnat  the  problems  can  be  discussed. 
The  U.S.A.   Is  net  alone  In  this.     K  new  cult  has  come  to  the  fore- 
front In  Britain  -  what  is  kno*n  as  *The  I  Know  No  Science  Society*. 
Even  some  teachers  are  quite  proud  to  boast  that  *nobody  Is  more 
ignorant  of  science  thaji  I  am*  -  a  very  proud  boast,  as  If  this 
Is  some  magnlflclent  achievement.     Is  It  small  wonder  then,  tnat 
this  Is  passed  on  to  the  pupils.     I  often  wonder  what  tnelr  reaction 
would  be  If  they  were  to  be  answered  l.i  some  obscure  foreign 
language  and  then  the  declaration  was  made  that  there  was  a  total 
lack  of  understand i.ig  of  the  English  language,  or  even  better  to 
respond  with  some  my^itlcal  sign  language  and  then  to  declare  tnat 
there  was  a  total  Ignorance  of  any  spoken  word.     *'ould  tney  consider 
that  this  was  a  total  failure  or  a  colossal  achievement? 

In  Chemistry  the  distinction  between  ato.ns  and 
molecules  continues  to  give  difficulty  at  all  levels.    The  tern, 
atori  Is  frequently  used  although  It  Is  often  misunderstood.  The 
lay  persons  Idea  of  an  atom  Is  generally  that  these  dangerous  atoas 
exist  -  that  they  nave  only  recently  been  discovered  by  the  Sc  entists 
end  that  they  cause  devastating  exnlosions.    These  false  concepts 
are  linked  to  the  nuclear  nower  Industry,  ^^nd  to  the  nuclear  »eapons 
Industries,  and  reference  has  bten  mads  to  this  earlier.  Pernaos 
this  may  give  the  necessary  Imnetus  for  those  who  seek  to  promote 
a  more  tecnnologlcally  literate  society  -  but  something  more  Is 
needed  than  Just  to  be  able  to  read  the  words  axid  know  what  they 
mean.     Little  will  be  achieved  unless  there  Is  understanding  to 
go  along  with  the  literary.    Perhaps  a  start  should  be  miide  by 
teaching  that  tne  gerneratlon  of  electricity  by  nuclear  power  is 
all  about  control  -  control  of  the  atom  -  control  of  tne  artount  of 
energy  atoms  can  produce  -  control  of  the  sunply  of  electricity 
I.e.  the  supply  oelng  matched  to  the  demand. 


ons 


helped  to  overcome  lf>    I  would  su/:gest  that  tne  first  »s  the  cise. 
Professor  T.  Stonier  maintains  thai  we  ire  furtntr  into  the  computer 
age  than  we  think.     He  suggests  that  we  are  about  holftay  tnrough 
the  computer  age.    '^'here  is  little  douot,  however,  that  our  young 
people  have  grown  up  *ith  computers,  a/id  many  youug  pupils  use 
computers  as  toys,     4  years  ago  at  Christmas,  the  greatest  sales 
from  the  toy  shops  of  Britain  was  coranuters.     A  nev:  lucrative 
Industry  was  created  In  computer  games  software.    The  Introduction 
of  the  Schools  Katncmatics  Project  -  (Kodern  Hatns)  Into  the  schools 
greatly  encouraged  the  use  of  computers  by  young  pup-ls,  ajid  the 
parents,  brought  up  on  the  old  matheioatlcs  syllabuses,  were  not 
only  completely  'befuddled*  but  often  lacked  the  ability  to 
comprehend  what  was  hapnenlug.     As  a  result,  the  generation  gap 
has  vastly  Increased,  and  all  too  often  teacners  hear  tne  com-Lent 
from  parents  "^e  did  not  do  that  when  we  were  at  school*.  This 
can  lead  to  hostility  In  the  family  between  parent  and  cnlld,  since 
the  parent  has  a  feeling  of  Inadequacy,  and  the  child  Is  sure  that 
the  parent  Is  Inadequate  -  or  that  the  parent  Is  pelng  obstruct i o.iist 
and  unhelpful.     In  1985,  the  computer  software  Industry  became 
alarmed  at  *ne  Pirate  copying  of  video  tapes  and  computer  software, 
Hesearch  by  the  industry  showed  that  by  far  the  vast  majority  of 
the  pirating  was  oelng  performed  by  children  under  el^ht  years 
of  age,  and  the  British  law  prevented  the  Industry  from  prosecuting 
offenders  under  10,     It  is  a  certainty  that  a  great  matiy  of  the 
parents  lacked  the  ability  and  the  necessary  know  how,  to  reproduce 
the  copies  as  their  children  had  done,  and  were  thus  completely 
unaware  of  what  was  happening, 

Hany  various  bodies  have  been  set  up  by  the  Schools 
Council,  and  various  projects  have  been  funded  by  tnem,   **rhe  Concepts 
In  Secondary  Kathe-natlcs  'k  Science"  (C,S,H,S,)  finished  In  1979« 
Tne  project,  like  most  others  generated  a  l^irge  amount  of  data, 
soce  of  which  concerned  the  occurence  of  specific  errors.  The 
Strategies  qnd  Errors  In  Secondary  Mathematics  (S,£,S,M, )  was 
funded  to  Investigate  the  cause  of  some  of  these  errors.  Once 
again,  this  Is  tne  case  of  proving  what  is  already  Known,  Teachers 
Know  only  too  well  where  the  weaknesres  and  tne  misconceptions 
are,     ^hat  is  needed  Is  a  teaching  strategy  -  rell  researched 
and  tried  -  whim  overcones  theise  false  concepts  and  errors. 

Perhaps  one  of  the  difficulties  Is  that  we  always 
start  at  the  wrong  end.    The  Nuffield  Science  Schemes  did  .uuch 
tc  Improve  science  teaching  In  schools,  but  when  Nuffield  was  first 
introduced,  tnere  was  a  great  deal  of  nonsense  talked  aoout  the 
In  1  S  '^^^y  started  at  the  secondary  level  a.id  said 


that  Nuffield  was  only  for  the  ton  of  the  ability  range.  As 
a  teacher  you  either  did  the  Nuffield  Scheme  in  Its  entirety  or 
not  at  ail.  The  schemes  were  eventuall  watered  down  for  younge 
pupils  and  the  lower  abilities,     Nuffield  Primary  Science  turne 


L..t  sii*^est  that  this  is  the  wrong  route.     Why  not  accept 
that  there  are  short  comings?    Introduce  what  is  thought  to  be 
correct  it  the  base  level  -  i.e,  as  low  and  as  young  as  is  possible 
then  build  upon  this  foundation  as  the  pupils  progress  through 
their  sr^hooling  -  until  the  desired  ai  hs  and  oojectives  are  reached. 
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This  begs  the  quest  ton  «is  to  tr.e  orii'.iris  of  tne  curciruluni 
developers.    How  ihUny  of  theui  h.ive  t?iui.ht  in  ^nmnry  Jchools 
aiid  for  how  long?    Certainly  R.o.<;t  of  the  ojios  that  i u.LotJ  i atel y 
come  to  mind,  have  their  origins  lu  the  3econdri,>  ilcnools.  'Jould 
It  be  that  the  mlsronrenti  ons  and  eiror?;  bcrofKe  rore  ri^^t^rttii  .it 
the  secondary  level  and  th-it  rOrt  i^uI-jhi  developt^r:,  try  to  rorrect 
the  faults  at  the  level  unere  they  anpo?jr,  latJHjr  t  ha,,  to  secK 
out  Us  root  cause,  and  discover  tiot  where  it  annear;^,  cut  where- 
the  errors  became  introduced  -tud  how  they  got  there  ni  the  fii«-t 
Place? 

The  National   Foundation  for  Educational  Kcsearch  ha« 
made  some  attempt  to  research  tne  errors  a. id  mic'-oncepl  lOns  tr«at 
are  apparent  in  raatheinatlcs  at  the  <5econdary  scnool  iovel,  but 
111  the  sciences  and  techiiolor,y ,  tr.e  old  faciliar  s-enc  :s  ail  too 
apparent.     The  line  followed  is,  >^h-it  is  a.isrli.j  from  the  syllabus 
content  and  how  do  we  put  it  m  -  and  ^hat  do  we  taKe  out  m  order 

r    i-x  J*"'    Little  or  no  worK  li:  t^enif^'  do..e  to  correct  errors 
or  to  find  methods  of  teachlnr;  that  will  elnnlnate  the  errory. 
The  hxiglneerlng  industries  ^raining  lioard  has  set  un  its  own 
research  profjramme  Into  what  is  wron^  nith  the  Kathe-natics  content 

?orfhr[lh?  r    University.    The  ea-inecrine  Industry  has  been  very 
lorthrlcht  In  its  condemnation  cf  matncT^attcs  thai  is  tau/^ht  in 
schools  and  has  ls:;ued  statements  of  yihat  school  leavers  ouHht  to 
tr^h^  f2  h    ?  "'i^''  ^^^^  l«ri"stry.     Nobody  has  said  exactly  how 
We^hon?  hn    fn'^^S*  ^""^  neither  h;in  anyt^ody  said  «nytni«,i5  construct- 
ive about  how  the  -nlsconcents  should  be  re:aoved.  or  about  how  thev 
can  be  prevented  in  the  first  place.  ^ 

o„t  hv  If  ti  •^^sj^''^^  l"to  rUsconceptiOMS  m  mathetaatics  cairied 
?nvP^M^;/4  °f  ';helsea  College  concluded,  The  results  of  the 
irrniftic,°^^°        '°         ronciusion  that  specific  Intervention 

f af  as  the^^b^  r  ^"'^  r°  ^"'''•^  «ff«<^tive  wl^h  most  chUdre.. 

aba.»doument  of  the  incorrect  :;trateyy  le  co/tctrued 

Tni  d"  fJe^^L'b"'''^  responses'ieie  Required  ' 

nSnni        o    ?  "orK  attempted  in  3.E.S,H,  and  tne 

werf  fa  uL  Cere'?!;'°"'  '"^^  ''''  "'^^^"^  TiUrln 

into  acini  t  Thpfr  i"^«stigated  and  the  remediation  to  ok 

the  t?L^sitLn  "^'''J  a«d  child  rr,ethods  besides  consider, n^j 
"early  «n     hp  Mo"°"  ^^""^  ^""''^  general isibi e)  m.tnods.  In 

cation  Of  how  the  errors  got  there  in  the  first  place, 

Drevpnt  m4«,    '•^^at  strategy  or  strategies  should  be  anolled  tn 
S^a^tie"  ?  •  "■■"t^H  ir^f    ?f  '"'"^  prooleTls  to  d.:.tlfy 

A  questlonnii^e  tn  ;  „n»i  r  dtfl  tcult  or  expensive, 

one  fni-  *    enough  selection  of  errors.    The  next  eten  is 

come'?  oi  '%,r^oThave  tnev'^'"  ^/  "h^''^"  ""^ 
if  It  is  possible  ^^h^^  "  "'k"  '^"r"*"-  """'«  achieved  this  - 
and  progrS™«es  th4t    ?m"  ""^       "'^"Z"  ^"chl..^  .eti.ods 

estaSllf^er    pc?hLs  «  Zll  r.  the  misconceptions  Iron  oecooU.g 
years  ««o  - ^VJTve  »p  » haye  fo, gotten  ,hat  Cattell  said  ciany 
.hat  you  UKe  with  hl«.    "^'^  ""^'^  ' 

cari  then  do 
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THE  mWRl  OF  MISCONCEPTIONS 


The  notion  o4  •mi sconceot ion*  bears  a  negative  connotation  that 
re-flects  value  judgement.  Therefore  we  start  with  the  notion  of 
•conceptual  framework^  which  is  a  system  of  concepts  and  the 
propositions  that  relote  then  to  each  other  (thus  forming  ideas  of 
larger  scope),  and  procedures  designed  to  account  for  a  knowledge 
domain  with  its  parts  and  aspects  or  performance  on  problem  solving 
and  other  reasonino  tasks  within  this  domain.  Concepts  ass'jme  their 
meaning  from  their  relationships  with  other  concepts  within  a 
conceptual  framework  and  their  position  in  the  total  configuration  of 
concepts.  As  pointed  out  by  several  authors  (e.g.,  Uest  and  Pines, 
I9B^)  there  may  exist  two  types  of  conceptual  framework,  namely, 
personal,  or  real  life,  and  'officiaP  or  'scientific',  the 
relationship  between  which  may  vary.  A  conceptual  framework  is 
considered  inadequate  if  it  does  not  properly  account  for  the 
phenomena  it  is  designed  to  explain,  and  incorrect  if  it  is 
tncompat ible  VM  th  the  official  one(s).  By  •misconception^  we  refer  to 
Bart    (either  concept  or  idea)  of  a  conceptual  framework  that 


mismatches  official  ideas.  This  definition  is  equivalent  to  Strike's 
(1983)<  since  according  to  schema  theories  it  implies  that  making  use 
of  such  part  for  functioning  within  that  domain  must  necessarily 
result  in  mistakes.  One  way  to  identify  misconceptions  is  to  tap  a 
Particular  conceptual  framework  and  detect  inconsistencies  betwee.i  its 
parts  and  an  official  one,  and  we  propose  that  concept  mapping  is  a 
highly  appropriate   .^^os  to  this  end. 

In  this  paper  we  war.t  to  make  the  point  that  the  knowledge 
structure  characteristics  obtained  by  our  analysis  scheme  of  cognitive 
maps  can  serve  to  tap  mtsconceptions  that  result  from  defi*-  * 
learning.  Preliminary  work  in  this  direction  was  started  by  Feldsine 
(19B3),  and  we  report  the  results  of  two  studies.  The  first  study 
deals  with  the  development  of  biologtcal  knowledge  structures  of 
Prospective  teachers.  They  participated  in  the  methods  course  that 
dealt  with  theoretical  and  practical  pedagogical  principles,  had  been 
exposed  to  field  eype«"ience  and  had  taught  several  biology  classes. 
The  second  study  deals  with  the  knowledge  acquired  by  students  who 
enrolled  in  an  introductory  earth  sciences  course  which  was  preceded 
by  an  introductory  coursA  in  qto^ogy.  Hoz,  Bowman,  and  Kozminsky 
<PB7)  evaluated  this  course  using  concept  mapping.  In  the«c  studies 
the  students  were  interviewed  by    CgnSAT    (Concept  Structuring 
Analysis  Technique,  Chamoagne  and  Klopfer,  19B1).  The^r  cognitive  maps 
were  analysed  according  to  various  cognitive  structure  dimensions  th*t 
were  developed  by  our  research  teain  and  described  by  Hoz  (19B7). 


CONCEPT  WiPPING        ITS  FEATURES 


Concept  mappino  was  first  proposed  by  Joseph  Novak  In  the  70 's  and 
sevfra!  versions  were  developed  since  then.  In  our  study  ne  use  the 
revis'id  and  s^andardizpd  form  (Hoz  et  al.,  1984)  of  ConSAT.  The  use  of 
ConSAT  involves  three  steps:  determination  of  ^he  list  of  concepts, 
adninistration  of  the  ConSAT  interview,  and  analysis  of  the  obtained 
cognitive  maps.  The  chosen  concepts  can  be  of  the  same  or  different 
generality  or  abstractness,  deoendino  on  the  researcher's  objectives 
and  their  optimal  number  range?  from  10  to  15.  This  version  of  ConSAT 
makes  it  possible  for  the  interviewee  to  torm  groups  within  his  op  her 
congnitive  maps  and  our  analysis  scheme  is  based  on  both  their 
existence  and  nature. 

The  ConSAT  interview  involves  six  phases; 

1.  A  shop*  training  session  with  six  daily  concepts  for  demonstrating 
to  the  interviewee  the  procedure  and  the  kind  of  products  expected 
(I.e.,  a  cogniMve  map  that  includes  aJLl  the  possible  meaningful 
1  inks  and  their  labels) . 

2.  Classification  of  each  list  concept  as  familiar  or  unfamiliar. 

3.  Giving  a  verbal  definition  or  explanation  for  each  familiar 
concept.  The  definition  are  written  doi«^n  by  the  interviewer. 

4.  The  co.-^ctruction  of  a  map  of  the  familiar  concepts  by  spatially 
arranging  their  cards  on  the  table  so  to  reflect  their 
oroaniiation  and  mutual  relationships.  When  the  interviewee  is 
satisfied  with  his  or  her  arrangement  it  is  being  written  down  by 
the  interviewer  on  a  large  sheet  of  paper.  The  interviewee  is 
further  asked  ^o  state  what  concepts  art  related  and  express 
verbally  the  most  meaningful  relations  he  or  she  knows  among  them 


and  between  groups  of  concepts  (if  such  were  formed)  These 
propositions  a'^e  written  by  the  interviewer  on  the  lines 
connecting  the  concepts.  The  interviewee  is  also  «sked  to  provide 
a  title  characterizing  the  whole  map  and  to  explain  the  nature  of 
groups.  The  interviewee  is  allowed  to  modify  the  arrangement 
during  the  interview  until  it  satisfies  him  or  her. 

5.  The  interviewee  '^einspects  the  unfamiliar  concepts  and  is  asked  to 
add  the  concepts  that  were  recognized  now  as  familiar  to  the  map, 
along  with  appropriate  labels.  Also,  he  or  she  is  allowed  to  add 
relevant  concepts  that  were  not  on  the  lis?. 

6.  The  interviewee  is  asked  to  indicate  the  link  strength  between  all 
pairs  of  list  concepts,  regardless  whether  or  not  *hey  were  linked 
in  the  cognitive  map.  The  three  level  strength  scalo  includes 
necessary  links  between  concepts  that  are  tightly  connected  and 
interact  strongly  (level  2),  possible  links  between  concepts  that 
are  moderately  connected  and  interact  slighlv  (level  I),  and  links 
that  are  disc i pi  mar i ly  meaningless  or  illegitimate,  and  its 
existence  is  forbidden  Mevel  0).  The  strength  levels  for  all 
bi-concept  links  were  recorded  in  the  individual  link  strength 
matrix  and  a  similar  official  link  strength  matrix  is  constructed 
by  the  experts. 

Thus  ConSAT  yields  three  kinds  of  products:  (i)  concept 
definitions,  Oi)  a  cognitive  map  that  is  a  network  representation  of 
the  concepts  and  their  mutual  relationships,  and  (ni) 
characterization  of  concept  groups,  if  they  were  formed,  and  of  the 
organization  of  the  whole  map.  Sample  cognitive  maps  are  presented  in 
the  next  sections. 
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An  anal /SIS  sch«me  was  devtloped  that  pertains  to  four  components 
of  cognitive  maps— 1  inks  between  concepts,  meaninQ  oi  single 
conceptSt  concept  groups,  and  the  organization  oi  the  whole  map— and 
to  link  strength  matrices  (concept  definitions  are  f^eated 
separately).  The  analysis  oi  cognitive  maps  is  done  in  two  Uvels* 
The  first  involves  visual  inspection  of  certain  surface  features^ 
thus  rendering  the  cognitive  map  «  !ow  inference  measure  that 
minimizes  Possible  inferential  levfs  ir  th#  abstraction  of  kpc^'eds* 
structure  characteristics.  The  se     3  level  of  anal/sis  deals  with 
substantive  deep  structure  characteristics  underlying  the  structure 
and  nator •  of  the  cognitive  map  components. 

To  identify  and  tap  misconceptions  in  each  discipline  agreement 
was  reached  between  several  experts  *hat  ^i elded  four  types  of 
•official'  or  'legitimate*  measures:  (i)  all  possible  bi-  or 
multi-concept  connections  and  valid  statements  that  express  them, 
(li)  forbidden  bi-concep    links,  (in)  partition  or  partitions  of  the 
concepts  into  groups,  and  (iv>  overall  conception  or  conceptions  of 
the  domain  spanned  by  the  set  of  concepts. 

A.  links  in  cognitive  maps  are  classified  into  three  categories: 
links  among  individual  concepts  within  and  between  groups,  and 
links  between  groups,  if  groups  w. ^e  formed  in  that  cognitive  map 
(otherwise  only  links  among  individual  concepts  at^e  considered). 
Official  partitions   are  the  partitions  that  the  experts  agreed  on 
as  discipl inary  legit imate .    Group  homooeneity   reflects  its 
tightness,  namely,  the  degree  to  which  (i)  the  concepts  in  that 
group  have  the  same  or  similar  disciplinary  meaning  or  belong  to 
the  same  category,  and  (ii)  it  overlaps  an  official  group.  When  nc 
groups  were  formed  only  the  first  kind  of  link  applied. 
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Appropriateness  of  oroup  characterization    is  the  extent  to  which 
the  group's  title  fits  its  constituent  concepts  and  th»ir 
underlying  common  characteristics.    A  kernel  group    in  cognitive 
map  IS  one  whose  majority  or  all  intra-group  links  (regardless  of 
their  validity)  are  at  the  interviewee's  link  strength  level  2. 

B.  LinK  val idi ty    is  the  disciplinary  correctness  that  is  assessed 
on  a  four-level  ordinal  scale:  correct,  precise  and  clear;  correct 
but  partial;  indirect  and  general,  or  Imprecise  and  lacking  in 
certain  aspects;  and  incorrect.  The  median  validity  reflects  the 
typical  validity  for  individuals  or  groups.   Map's  sa? lence 
involves  two  types  of  bi-concept  links  and  reflects  the  agreement 
between  the  interviewee  and  the  experts  with  regard  to  the 
importance  th€y  attribute  to  links,  (i)  The  percentage,  out  of  the 
total  number  of  links  in  the  cognitive  map,  of  all  links  in  the 
cognitive  map  whose  expert  strength  levels  are  1  and  2.  Its 
complement  is  the  percentage  of  forbidden  links  (ii)  The 
respective  percentage  of  the  valid  links. 

C.  Focal  concept    is  one  having  the  largest  number  of  intra-  and 
inter-group  links  with  other  concepts  (relative  to  other  concepts 
in  the  particular  cognitive  map).  Concept  meaning  can  be  Qleaned 
from  the  concepts  to  which  it  is  connected  and  the  nature  of  the 
relationships.  The  concept's  extension  is  determined  b/  the  size, 
natur?  and  complexity  of  the  small  knowledge  structure  that  is 
attached  to  it  and  by  its  relations  with  the  other  parts  of  its 
conceptual  framework.  Therefore,  the    concepts  related   to  a  focal 
or  any  other  concept  can  be  used  to  characterize  its  meaning  for 
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the  student. 


D.    O^'eraH  conception   ol  the  domain  spanned  by  the  concepts  is  the 
interviewee's  characterization  oi  the  organization  and  structure 
oi  the  cognitive  map.  li  groups  were  formed  It  refers  to  the>r 
interrelations.  This  measure  is  simMar  to  that  used  bx  Champagne, 
Klopfer,  DeSena  and  Squires  <1981). 

Operational  de-finitions  can  now  be  proposed  for  a  variety  of 
misconceptions  which  are  based  on  several  of  these  features  of 
cognitive  maps.  Misconceptions  refer  to  any  mismatch  between  the 
official  and  student's  conception  regarding  (i)  individual  concepts, 
as  evidenced  from  their  relationships  with  other  concepts  and  the 
group  into  which  they  were  classified,  and  (ii)  to  ideas,  as 
evidenced  from  the  nature  of  their  representation  by  concept  groups 
and  the  principles  that  underlie  the  organization  of  the  whole  set  of 
concepts. 

This  definition  enables  the  detection  of  misconceptions  that 
cannot  be  derived  from  analysis  of  concept  definitions.  Concept 
definition  contains  certain  specific  agreed  upon  concepts  whose 
relationships  with  the  defined  concept  span  this  concept's  meaning. 
However,  concept  definition  can  be  of  very  limited  help  in  finding 
out  the  concept's  meaning.  Correct  concept  definitions  can  be 
interpreted  as  everything  form  of  complete  mastery  of  tne  concept  to 
the  perfect  ability  to  remember  verbal  statements  rotely.  Incorrect 
concept  definition  can  be  interpreted  as  everything  from  evidence  of 
imperfect  ability  to  remember  verba»  statements  to  total  confusion. 
Furthermore,  ewen  if  total  confusion  is  the  case,  an  incorrect 


definition  does  not  explicate  a  specific  misconception  but  only 
indicate  incorrect  understanding.  The  proposed  dimensions  of 
cognitive  maps  can  serve  us  be'cter  in  tapping  misconceptions  by 
providing  wider  and  richer  perspective  than  definitions  on  (i)  the 
concept's  relationships  with  many  more  concepts  in  and  outside  a 
group  of  concepts  in  which  it  might  have , been  grouped,  and  <ii)  on 
larger  assemblies  of  concepts  that  comprise  more  comprehensive  ideas. 

We  use  these  features  of  cognitive  maps  to  detet  misconceptions  in 
the  fol lowing  ways. 

A.  Failure  to  form  an  official  group,  dispersing  its  constituents 
between  other  groups,  or  grouping  concepts  on  the  basis  of  surface 
structure  (or  verbal)  rather  than  deep  structure  features.  The 
formation  of  inappropriate  groups  can  indicate  misconceptions 
regarding  essential  important  common  deep  structure  features  of 
certain  concepts  and  th?  ability  to  conceive  of  a  group  of 
concepts  of  higher  abstraction  level.  Examples  are  (i)  the 
formation  of  small  groups  that  are  not  merged  into  a  ^ore 
comprehensive  group,  <ti)  the  formation  of  several  two-concept 
groups  with  a  certain  relation  between  their  components,  instead 
of  grouping  the  respective  concepts  in  each  relation  into  two  more 
general  groups,  (in)  the  inclusion  of  a  concept  in  the  group 
containing  its  examples  rather  than  in  a  group  of  general 
concepts,  and  (ic)  classifying  general  concepts  with  their 
instances  rather  than  with  concepts       Mgher  abstraction.  Giving 
a  group  Ubel  that  is  too  general,  vague,  or  invalid  can  indicate 
misconceptions  regarding  the  differentiation  of  the  groups' 
concepts.  The  existence  of  isolated  concepts  that  are  neither 
included  in  any  group  nor  connected  to  other  concepts  can  indicate 

U 


misconceptions  regarding  general  categories  that  ma/  either  not 
exist  in  the  student  cognitive  structure  or  is  distorted. 

B.  Formation  oi  invalid  connections  within  or  between  groups  or 
making  forbidden  ItnKs  between  concepts.  Formation  oi  official  or 
other  discplinary  legitimate  groups  without  making  the  necessary 
intra-group  connections  between  their  component  concepts,  and 
failure  to  form  necessary  substantive  within-  or  between^group 
connections. 

C.  Uhen  no  groups  were  formed,  arrangement  of  the  i^jhole  set  of 
concepts  on  the  basis  of  their  proximity  in  time  and  space,  their 
position  in  the  instruct  tonal  sequence,  or  other  irrelevant 
features  rather  than  on  substantive  grounds.  These  can  indicate 
misconceptions  regarding  the  principles  undelying  the  domain  and 
the  ability  to  distinguish  didactic  frcm  disciplinary 

cons iderat  ions. 

The  use  of  these  indicants  to  tap  misconceptions  is  demonstrated 
in  the  domains  of  biology  and  earth  sciences. 


MISCONCEPTIONS  IN  BIOLOGY 

We  present  misconceptions  pertaining  to  three  concepts  by  analyzing 
their  links  with  other  concepts:  diffusion,  metabolism,  and  energy. 
Dif  fust  ion  and  metabolism  are  broad  and  general  proces*ies  and  can 
therefore  be  considered  part  of  several  conceptual  framev«orks.  All 
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biological  processes  are  contingent  on  the  use  and  transformations  of 
energy,  a  principle  that  underlies  parts  of  almost  every  biological 
conceptual  framework. 

Ue  describe  several  links  among  concepts  within  cognitive  maps, 
show  what  misconceptions  are  indicated  by  them,  and  point  to  possible 
sources  for  these  misconceptions. 

Ue  present  ten  invalid  relationships  between  fiiffusion  and  other 
concepts:  Influx  and  euflux  of  materials  to  anti  from  the  cell  is 
achieved  by  diffusion  and  are  in  opposite  direction  to  the  diffusion 
gradient.  Diffusion  enables  entrance  and  exit  of  materials  to  and 
from  the  cell.  Large  amounts  of  material  are  absorbed  and  released  by 
the  cell  and  this  is  dependent  upon  diffusion.  There  is  diffusion  of 
substances  in  and  out  of  the  cell  that  enable  cell  growth.  Metabolic 
substances  enter  and  exit  by  diffusion.  The  connection  between  the 
cell  and  its  environment  can  be  achievec*  by  diffusion.  Diffjsion  is  a 
process  that  participates  in  metabolic  activities  between  the  cell 
and  its  environment.  Diffusion  is  a  process  in  which  metabolism  is 
achieved  through  the  cell  to  the  environment  and  it  is  accompanied  by 
energy  consumption.  There  is  transition  of  substances  between 
adjacent  cells  through  the  cell  membrane  and  this  transition  is 
operated  by  diffusion.  The  cytoplasm  obtains  or  releases  different 
materials  by  diffusion  according  to  the  cell's  needs. 

These  relationships  indicate  a  misconception  reagarding  diffusion, 
relating  it  to  the  processes  of  enterance  to  or  exit  of  substances 
from  the  cell  through  its  membrane  that  neglect  two  essential 
features:  (i>  substant*al  portion  of  the  matter  transference  through 
the  cell  membrane  is  achieved  also  by  other  processes  different  from 
diffusion,  and  <ii)  transference  through  semi-permeable  membrane  does 


not  occur  by  diHusion  but  rathtr  by  osmosis,  which  is  a  special  case 
of  diHuston  and  diHers  from  it  in  certain  characteristics. 

These  misconceptions  may  have  been  produced  by  Inappropriate 
presentation  of  diffusion  in  the  textbooks  that  were  available  to  the 
students.  Most  of  the  examples  given  to  diffusion  are  actually 
osmotic  processes,  with  no  reference  being  made  to  the  distinction 
between  these  two.  For  instance,  to  illustrate  diffusion  the  example 
describes  how  water  molecules  enter  the  cell  through  its  membrane, 
nemely,  osmosis  (Galston,  1968). 

We  present  ten  links  of  etabolism  with  other  concepts,  of  which 
the  first  three  relate  to  metabolism  and  diffusion,  the  next  two 
describe  the  relations  of  metabolism  with  other  concepts  and  the  last 
five  view  metabolism  as  an  auxiliary  process  by  which  biochemical 
processes  are  carried  out:  For  photosynthesis  to  occur  there  must  be 
metabolism  during  diffusion.  Diffusion  is  one  of  the  ways  for 
metabolism.  Diffusion  can  be  obtained  by  metabol ism.  To  survive  the 
cell  needs  me tabol ism  to  occur  between  it  and  the  environment. 
Breathing  produces  by-products  of  which  we  get  rid  by  metabolism. 
Breathing  takes  place  with  the  aid  of  metabolism.  Photosynthesis 
takes  place  with  the  aid  of  metabolism.  Energy  is  produced  from 
metabolism  and  photosynthesis.  Fat  dissolution  is  achieved  by 
me tabol ism  wi th  the  aid  of  enzymes,  and  ATP  i$  formed.  Mtlabolism  is 
the  basis  for  breathing  processes.  The  are  interrelated. 

Misconceptions  of  metabolism  emphasize  the  transference  of  matter 
between  the  cell  and  its  environment,  nemely,  the  entrance  of  certain 
matters  to  the  cell  and  exit  of  different  matters  from  it.  However, 
metabolic  processes  occur  both  within  and  out  of  the  cell.  This 
misconception  disregards  some  of  its  essential  subprocesses  and 


therefore  comprises  only  a  smill  part  of  the  extension  of  this  very 
general  notion.  These  misconceptions  may  arise  from  (i)  the  inability 
to  Identify  the  metabolic  nature  of  certain  processes,  (ii)  the 
inability  to  integrate  and  dif ferenti ate  simultaneously  all  aspects 
of  certain  processes,  or  (in)  the  Hebrew  term  for  this  concept, 
which  IS  'exchange  of  matterials*. 

Energy  is  related  to  other  concepts,  such  as  respiration, 
photosynthesis,  metabolism,  ATP,  and  fats  degradation.  These 
relationships  are  illustrated  by  the  15  following  links:  There  are 
respiratory  enzymes  which  produce  energy.  Respiration  produces 
energy.  Fat  deg'-adation  takes  f>lace  in  order  to  produce  energy  too. 
Enzymatir  processes  utilize  or  release  energy.  In  the  process  of 
respiration  energy  is  invested,  ri  ocesses  of  me tabol fsm  which  take 
plac-j  inside  the  cell  utilize  energ/.  Energy  is  needed  in  respiration 
and  photosynthesis.  Metabolism,  mitosis  and  respiration  are  processs 
which  require  energy.  Respiration  is  a  way  by  which  the  cell  utilizes 
energy  through  respiratory  enzymes.  The  process  of  carbohydrate 
storage  requires  energy.  Photosynthesis  is  a  way  of  energy  sjpply  and 
glucose  strorage.  Energy  is  produced  inside  the  cell.  Energy  is  the 
last  product  of  respiration.  In  photosynthesis  the  energy  of  light 
serves  for  the  initiation  of  a  process  in  which  energy  is  produced 
during  its  different  stages.  Metabolism  is  needed  in  order  to  produce 
energy. 

These  links  indicate  the  major  misconception  that  energy  can  be 
produced  or  dissipated  in  biological  processes,  reflecting  inability 
to  distinguish  energy  production  and  dissipation  from  energy 
transformation.  (According  to  the  law  of  the  conservation  of  energy, 
in  closed  systems  energy  undergoes  transformations  but  can  be  neither 
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dissipated  nor  produced.)  This  misconception  iiay  have  arisen  from  the 
daily  and  sometimes  scientific  use  of  the  concept,  where  statements 
like  •energy  disappeared  in  this  process',  'this  process  consumes 
energy',  or  'heat  energy  is  procuced  In  this  process'  are  often  heard 
and  used. 


MISCONCEPTIONS  IN  EARTH  SCIENCES 


T««o  off icial  partitions  of  the  central  concepts  in  the  course 
'introduction  to  geomorphol ogy'  were  formed.  The  first  is  based  on  an 
environ.*nenta1  approach  and  comprises  three  groups.  Fluviatile 
environment  concepts:  lateral  erosion,  vertical  entrenchment,  river 
terraces,  flood  plain,  fluvial  system,  and  base  le^el.  Karstic  ground 
water  environment  concepts:  solution,  caverns,  seepage,  and  intake 
area.  Slope  environment  concepts:  slide  and  scar.  Three  concepts 
remained  isolated:  equilibrium,  coastal  zone,  and  glacial  landscape. 

The  second  partition  is  based  on  the  distinction  between  four 
classes  of  concepts.  Process  concepts:  solution,  seepage,  slide, 
lateral  erosion,  and  vertical  entrenchment.  Resulting  i^nd  forms 
concepts:  caverns,  sc^r,  flood  plain,  and  river  terraces.  System 
approach  concepts:  maturity,  equilibrium,  and  base  level.  General 
environment  concepts:  fluvial  system,  coastal  zone,  and  glacial 
landscape. 

The  following  misconceptions  were  revealed. 
1.  Misconceptions  regarding  basic  facts  can  be  identified  by  the 
existence  of  forbidden  links  or  mistaken  explanations  for  links 
between  concepts.  Examples  are:  (i)  river  terraces  are  formed  by 
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slides  or  by  solution,  <ii>  seepage  causes  entrenchment,  (iii) 
glacial  elements  indicate  a  mature  stage  of  desert  landscape,  and 
(iv)  erosion  is  typified  by  caverns. 
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2.  Misconceptions  regarding  the  ideas  and  principles  underlying  the 
official  partitions  can  be  identified  when  all  the  concepts  were 
arranged  in  one  large  single  group  that  contrasts  wi th  the  official 
partitions.  An  example  is  the  cognitive  map  in  Fit;ure  I.  The  title 
that  expresses  the  rationale  or  underlying  principle  for  this  big 
group  provides  clues  as  to  possible  misconceptions  regarding  single 
as  well  as  closely  located  concepts.  An  example  is  a  large  group 
which  is  arranged  in  a  flowchart  form,  emphasizing  the  fact  that 
water  and  sed-ment  were  moving  downwards  through  the  lansdcape,  tn 
the  order:  'water  from  the  fluviatile  system  may  seep,  seepage  causes 
solution,  solution  forms  caverns,  and  caverns  may  reach  maturity'; 
This  arrangement  is  based  on  the  spatial  proximity  between  concepts, 
with  each  element  flowing  towards  and  triggering  the  next  one,  and  is 
arranged  so  to  slirulate  the  relative  height  of  elements  in  the 
environment,  with  the  ba?e  level  as  the  sink,  being  located  at  the 
lowest  part  of  the  map.  Apparently,  by  dominating  the  students' 
conceptions  ideas  like  'flow  patterns*  prevented  the  grouping  of 
concepts. 

When  partition  was  achieved,  misconceptions  can  be  identified  by 
detecting  general  ideas  whose  extension  is  different  from  that  of  the 
official  conception.  Examples  are  the  system  approach  and 
environment.  Misconceiving  the  general  notion  of  system  approach  is 
evidenced  by  the  following  findings:  (I)  Two  of  its  constituent 
concepts,  maturity  and  eqiiibrium,  were  sometimes  included  m 
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di«ertnt  group*  bot  typicilly  remtined  isolated.  (2)  Another 
concept,  bise  level,  was  often  identified  wi th  the  concept  coastal 
zone.  This  identification  wis  probably  based  on  their  physical 
proximity,  ignoring  the  central  function  of  base  level  in  the 
fluviatile  system.  (3)  The  system  approach  group  was  never  formed. 
Misconceiving  the  general  notion  of  •nvironment  is  detected  by  not 
forming  a  group  comprising  the  general  concepts  glacial  landscape, 
coastal  zone,  and  fluviatlle  system.  The  confusion  regarding  the  idea 
underlying  this  group  is  evidenced  when  coastal  zone,  ground  water, 
and  fluviatlle  system  were  grouped  together. 

3.  Misconceptions  regardinQ  differentiation  between  concepts  can  be 
identified  by  the  existence  of  "overconnections"  and 
•under connect  ions".  The  first  term  indicates  a  large  number  of  links 
produced  by  connecting  every  concept  with  almost  every  other  concept. 
The  second  term  indicates  the  formation  of  very  few  links  within  and 
between  groups,  often  with  no  link  labels.  Overconnections 
(illustrated  by  the  cognitive  map  in  Figure  2)  reflect  lack  of 
knowledge  that  certain  links  should  not  be  made  and  underconnect ions 
(illustrated  by  the  cognitive  map  in  Figure  3)  reflect  lack  o^ 
differentiation  between  concepts. 

4.  Misconceptions  can  be  identified  by  incongruity  in  the  nature  of 
the  groups  in  the  official  partitions  and  that  of  students'  groups. 
The  nature  of  groups  is  determined  by  their  homogeneity  and 
ca»pleteness,  by  the  existence  of  intra-group  links,  and  by  the 
groups'  abstractness.  Group  homogeneity  is  contingent  on  the  nature 
of  its  constituent  concepts  and  the  group's  label  th*t  reflects  its 


essence.  Misconceptions  regarding  the  ideas  and  principles  underlying 
the  official  partitions  are  reflected  in  low  group  homogeneit/  and 
dispersion  of  concepts  belonging  to  an  official  group  between 
different  grou')s.  Examples  of  low  homogeneity  groups  are;  (i) 
maturity  (system  approach),  slide,  and  solution  (processes),  (li) 
glacial  landscape  (environment;,  scar  and  caverns  (land  forms),  (tii) 
base  level  (system  approach) ,  caverns  (land  forms),  and  vertical 
entrenchment  (process),  and  (iv)  maturity  (system  approach),  scarp 
(land  forms),  lateral  erosion  (processes),  and  glacial  landscape 
(environment) . 

Too  general,  vague  and  inclusive  group  labels  can  :,iuicate 
misconceptions  regarding,    the  substantial  cownon  features  of  certain 
notions.  For  instance,  the  very  general  and  inclusive  label  "concepts 
related  to  water  and  water  processes*  is  assigned  to  the  group 
comprising  ihe  concepts  river  terraces  (fluviatlle)  and  solution 
(karstic),  thus  mismatching  the  essential  cownon  features  of  these 
concepts. 

Misconceptions  regarding  an  idea  that  characterizes  an  official 
group  can  be  indicated  by  the  existence  of  isolated  concepts  and 
incomplete  groups.  Incomplete  group  is  a  homogeneous  subgroup  of  an 
official  group.  An  instance  is  the  group  comprising  solution  and 
caverns  with  the  label  "solution  produces  caverns'.  Isolated  concepts 
reflect  difflcuHi^^s  in  conceiving  of  or  abstracting  the  principles 
underlying  environment  and  the  system  approach  conceptions,  or  poor 
knowledge  of  taught  principles.  An  example  of  poor  knowledge  of  baste 
facts  IS  the  concept  intake  area  which  is  isolated  from  the 
karstic-related  group  (solution,  caverns,  intake  area,  and  seepage). 
The  majority  of  isolated  concepts  were  either  e  vironment-related 


(coastal  zone  and  glacial  landscape)  or  related  to  the  system 
approach  (equilibrium  and  maturity). 

Misconceptions  regarding  the  organizational  principle  of  the  group 
a  J  the  interactions  among  its  constituents  can  be  indicated  by  the 
lack  of  most  of  the  basic  important  and  necessary  intra-group  links. 
Examples  are  (a)  the  group  of  concepts  related  to  the  fluviatile 
system  (rtver  terraces,  vertical  entrenchment,  flood  plain,  and 
lateral  erosion):  (i)  No  link  existed  between  river  terraces  and 
vertical  entrenchment,  whereas  river  terraces  are  produced  by 
vertical  entrenchment,  (ii)  no  link  existed  between  river  terraces 
and  flood  plain,  whereas  river  terraces  originate  from  flood  plains, 
and  (lii)  no  link  existed  between  vertical  erosion  and  lateral 
erosion,  which  are  complementary  processes  wi thin  the  fluvitile 
system,  (b)  The  group  of  concepts  related  to  the  environment  (lateral 
erosion,  slide,  and  coastal  zone):  (i>  Lateral  erosion  and  slide  were 
not  connected,  whereas  'ateral  .rosion  causes  slides,  and  (ii)  slide 
and  coastal  zone  are  not  connected,  whereas  the  latter  is  the  typical 
environment  where  slides  often  occur. 

Misconceptions  can  also  be  indicated  by  the  group's  abstractness, 
since  the  more  abstract  and  varied  (coming  from  different  domains) 
the  concepts  in  a  group,  the  higher  its  quality.  An  example  is  the 
abstract  notion  that  'process* s  mold  land  forms'  which  oredominated 
some  groups  (e.g.,  rivers  form  a  flood  plain,  and  a  slide  may  result 
In  a  scarp).  Hnwever,  grouping  processes  -from  the  different 
environments  was  not  attempted  and  students  did  not  produce  one  group 
comprising  processes  (like  solution,  seepage,  vertical  erosion,  and 
lateral  erosion)  and  other  group  comprising  land  forms  (like  flood 
plain,  river  terraces,  and  caverns).  This  misconception  reflects  the 
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possible  blurring  of  inter-system  relationships  by  the  intra-system 
rel ationships. 

As  in  biology,  instruction  seems  to  be  a  source  of  several 
misconceptions.  The  reasons  for  thii  hypothesis  are  as  follows! 

1.  The  course  content  presentation  followed  the  physical  movement  of 
material  in  nature,  starting  with  weathering  on  the  slope,  continuing 
through  mass-movement  and  transportation  in  channels.  It  is  possible 
that  this  instruct  lortal  sequence  was  misunderstood  as  an  essential 
feature  in  earth  sciences. 

2.  The  course  was  organized  around  environments,  discussing  one 
environment  after  the  other,  focussing  mainly  on  their  inner 
functioning,  and  on  the  interactions  among  their  elements.  This  may 
be  the  source  of  the  concentration  on  intra-system  functions  and 
relative  disrgard  of  the  inter-system  links. 

3.  Misconceptions  regarding  the  environmental  approach  may  have 
resulted  from  the  course  highlighting  intra-system  processes  and 
disregarding  the  overall  environment  characte irtst ics. 

4.  The  course  demonstrated  the  system  approach  by  analysing 
fluviatile  processes.  The  abstraction  of  the  notion  of  system 
approach  was  probably  hindered  by  this  Instructional  mode. 
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Figur*  1.  Cognitive  map  comprising  a  singi*  group. 
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Figure  3.  Cognitiv*  map  with  undtrconnections. 
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THE  STANDARD  NORMAL  DISTRIBUTION  AND  THE  CALCULATION 
OF  2-SCORES:    PITFALLS,  MISCONCEPTIONS  AND  SOLUTIONS 


Lorraine  Jackson,  Norn  ShKlov  and  Gerald  Durocher 
The  University  of  Windsor 


KEYWORDS:  Continuous  Distribution,  Discrete  Distribution, 
Correction  for  Continuity,    Noraal  Distribution,  2-value, 


The  standard  normal  distribution  is  of  prine  mportance 
in  statistics  and,  indeed,  is  a  aost  useful  tool  tor  data 
analysis.  Nevertheless,  its  applications  are  surroundsd  by 
«any  pitfalls.  In  this  paper  we  point  out  soiie  of  these. 
We  believe  th^'  social  scientists  should  be  very  carerul  to 
exanine  the  nature  of  the  data  with  which  they  are  working 
before  they  standardize  these  data  and  use  the  standard 
nomal  curve  for  further  analysis. 

Introduction 


The  standard  normal  distribution  enables  us  to 
calculate  proportions  or  probabilities  associated  with 
enpirical  data.  This  is  so  because  the  standard  normal 
distribution  can  be  fitted  to  these  data.  Data  points  are 
assigned  z-scores  according  to  a  fornula.  Probabilities  are 
then  calculated  by  finding  areas  under  the  standard  nornal 
curve  between  z-scores. 

Eiipirical  data  can  be  continuous  or  discrete. 
Continuous  data  can  take  on  a  continuum  of  values  along  the 
horizontal  axis  and  are  usuelly  represented  by  a  continuous 
frequency  curve  (see  Figure  la; .  Discrete  data  take  on 
only  discrete  values  and  are  u^Hually  represented  by  a 
frequenc/  histogram,  where  the  rectangles  are  centered  at 
the  (discrete)  values  and  are  one  unit  in  width  (see  Figure 
lb) . 


(a)  Continuous  Frequency 
Curve 

0       m       n  X 


Figure  \  .  Representation  of  Continuous  and  Discrete 
Frequencies. 


(b)  Frequency  Histogram 
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Areas  under  the  continuous  curve  in  Figure  la  and 
areas  of  rectangles  in  Figure  lb  represent  proportions  of 
data  in  magnitude  from  m  to  n  in  Figure  la  and  from  r  to  s 
ir.  Figure  lb.  These  proportions  can  be  very  easily 
approximated  by  superimposing  or  "fitting"  a  standard 
normal  distribution  to  the  empirical  distributions  in 
Figure  la  and  lb  and  then  looking  up  the  corresponding 
areas  in  the  standard  normal  tables. 

However,  because  of  the  histogram  representation  as  in 
Figure  lb,  discrete  data  present  certain  problems  when  we 
try  to  appl/  the  (continuous)  standard  normal  curve  to  the 
discrete  data.  This  does  not  imply  that  we  cannot  fit  the 
(continuous)  standard  normal  curve  to  discrete  data. 
Instead,  we  must  account  for  this  fact  and  correct  for 
continuity.  But  ''irst,  let  us  distinguish  between  discrete 
and  continuous  data.  Then  we  shall  discuss  the  problems 
encountered  by  such  in  a  section  dealing  exclusively  with 
misconceptions. 

Understanding  Continuous,  Discrete,  and  "Discrete-ized" 
Random  Variables  and  Data 

A  basic  question  that  the  social  scientist  must 
address  is,  "Are  the  data  continuous  ,  discrate  (or 
discrete-ized)?**  Let  us  now  clarify  and  distinguish  among 
these  terms  and  the  reason  for  their  importance. 

Continuous  data  are  data  that  can  take  on  a  continuum 
of  values.  A  continuous  random  variable  can  take  on  any 
value  With  an  infinite  degree  of  precision  between  two  given 
values.  Examples  of  continuous  random  variables  include:  the 
amount  of  waste  a  plant  produces  daily;  the  weight  of  your 
father-in-law  J  and  the  amount  of  alcoholic  beverage  placed 
into  a  341  ml  beer  can.  How  do  you  know  if  the  random 
variable  is  continuous?  The  idea  here  is  that  continuous 
variables  can  assume  any  value  between  a  maximum  and  minimum 
of  limits  (Horvath,  19B5) .  In  other  words,  regarding  your 
father-in-law*s  weight,  any  value  is  possible,  within 
limits.    Theoretically,    if    weight    were  measured    with  an 


infinite  degree  of  precision  t'^en  no  two  people  would  weigh 
the  sane.  Generally,  we  do  no  achieve  infinite  precision. 
Horvath  (1985)  notes  that  "all  real  life  measurenent  is 
expressed  in  discrete  units,  so  that  while  soae  variaoles 
may  be  continuous,  all  actual  data  are  discrete"  (p. 12;. 

Discrete  data  can  assume  only  certain  values  such  as 
whole  numbers.  A  discrete  random  variable  takes  on  a  fixed 
or  a  countably  infinite  number  of  values.  Examples  of 
discrete  variables  include:  the  number  of  students  standing 
at  the  main  door  of  the  Cornell  University  Library;  the 
nuaber  of  proofreading  errors  found  m  an  approved  doctoral 
thesis;  and  the  number  of  violent  crimes  committed  per  month 
in  Windsor,  Ontario.  How  do  you  know  if  the  random  variable 
IS  discrete?  The  idea  here  is  that  the  variable  can  take  on 
a  fixed  or  a  countably  irrinite  number  of  values. 

Sometimes  continuous  variables  are  expressed  in 
discrett'  units  and  hence,  the  term  "discrete-ized"  random 
variable  simply  refers  to  a  continuous  variable  which  has 
been  made  to  be  discrete.  For  example,  the  weight  of  your 
father-in-law  can  be  described  as  a  continuous  variable  when 
It  IS  reported  as  200  lbs,  15  ounces.  This  weight  can  also 
be  described  as  a  discrete  variable  when  it  is  reported  as 
201  lbs.  The  d'rference  bstween  coj.cmuous  and  •'discrete- 
ized"  m  this  example  shows  that  the  level  of  accuracy 
(number  of  decimal  places)  is  a  factor  to  consider  when 
changing  from  a  continuous  to  a  discrete  one.  The  reason 
for  distinguishing  between  continuous  data  and  discrete-ized 
data  IS  that  if  we  are  fitting  a  continuous  distribution  to 
discrcte-ized  data,  we  may  have  to  correct  for  continuity. 
In  turn*  if  we  didn't  recognize  these  data  as  "discrete- 
ized".  we  may  assume  they  are  continuous  and  overlook  their 
need  to  be  corrected  for  continuity. 

\ifi    turn  our  discussion  to  pitfalls  and  misconceptions 

now. 
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Pitfalls     and    Misconceptions    in    Using    Discrete  and 
Continuous  Random  Variables  and  their  Distributions 


Misconception  1:  Not  DistinguishinQ  between  Discrete 
ana  font muousDistr ibut ions 

The  first  misconception  which  may  be  stated  is  that 
discrete  distributions  and  continuous  distributions  are  not 
distinguished  from  one  another.  From  this  problem  other 
misconceptions  occul . 

Misconception  2;    Attachirg  a  Probability  to  a  Particular 
Point  m  Continuous  Distributions 

In  continuous  distributions  we  do  not  attach  a 
probability  to  a  particular  point  (Runyon  and  Haber,  1971;. 
«e  cannot  make  such  a  statement  as  r(X=l)  =  0.5  because 
probabilities  m  continuous  distributions  are  represented  by 
areas.  There  is  no  area  between  a  point  and  the  curve 
(or ,  if  you  wish,  the  ime  joining  the  point  on  the 
horizontal  axis  and  the  curve  is  viewed  as  infinitely  thin* 
so  that  It  has  no  area).  Figure  2  shows  this  situation 
(Fraser  ,  1958,  p.  63) . 

The  line  from  z  =  .5  to 
the  curve  is  infinitely  thin. 
For  pract  ical  purposes,  it 
has  no  area. 


2  =.5 


From  Figure  2,  a  probability,  such  as  "2  is  less  than  ^S" 
could  lust  as  well  be  state^  as  "2  is  less  than  or  equal  to 
0.5  .  Stated  symbolically  C  2  < .5  3  =  C  2  i.5  3 .  Since  the 
normal  curve  is  continuous,  the  area  to  the  left  of  a 
part  leu lai  ordinate  and  the  area  to  the  left  of  and 
including  that  ordinate  differ  by  an  mf initesimally  small 
amount.  Thu.s,  in  the  continuous  case,  we  need  not  worry 
whether  or  not  ''EOUAL  TO"  is  or  is  not  included  in  our 
statement . 
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Misconception  3:  Representing  the  Area    of  a  Point 
by   a    bine  rathef~TFian  py  a  Hectanqie 


In  discrete  distributions  the  reass  is  concentrated  at  a 
nunber  of  fixed  points.  We  use  a  histogran  to  illustrate 
discrete  distributions,  Rectangles  are  drawn  with  the  points 
of  concentration  as  nid-points  of  the  base.  The  respective 
heights  of  the  rectangles  represent  the  proportion  of  the 
aass  concentrated  at  these  points.  The  widths  of  the 
rectangles  are  conveniently  taken  as  equal  to  one.  For 
exaaple,  in  the  binomial  case  of  answering  true  or  false  to 
two  Items  on  a  test,  the  probability  of  getting  half  of  the 
questions  correct  is  0.5  (P(X=1;  =  1/2).  Figure  3  shows  this 
situation.  Note  that  the  poin^  (rectangle)  labelled  with 
the  number  1  is  shaded  to  illustrate  the  rectangle. 


0     12  X  =  number  of  correct  answers 

Figure  3.  Assigning  a  probability  to  a  point  (rectangle;  on 
the  horizontal  axis* in  the  Discrete  case. 

Misconception  3  arises  when  we  are  dealing  with 
discrete  distributions  ana  are  assuming  that  a  line  plays  a 
role  in  cutting  off  the  distribution  as  it  does  in 
continuous  distr ibu. ions.  The  fact  of  the  matter  is  that  in 
discrete  distr  ibut'ions,  we  are  dealing  with  rectangles 
father  than  lines.  The  rectangles  hav^*  width.  Therefore, 
rectangles  play  a  role  in  dividing  scores  discrete 
distributions  as  opposed  to  lines  in  continuous 
distributions.  Thus  we  can  tit  normal  curves  to  discrete 
data  if  we  properly  take  into  account  that  probabilities  or 
proportions,  concentrated  at  discrete  points  are  represented 
by  areas  of  rectangles. 

Figure  4  a  represent!  the  assumption  of  continuous  data 
and  Figure  4  b    represents  the  assumption  of  discrete  data* 
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(a)  Assuming 
Continuous  data 


v'b)  Assure  ina 
Discrete  data 
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■infinay     0    .5  -»-infinity 
z-scores 


.45  .55 
z-scores 


Figure  4.  Comparing  Continuous  and  Discrete  Distributions. 

Comparing  these  two  distributions,  ths  area  )  0.5  in  the 
continuous  case  is  equal  to  the  area  >.  0.5.  From  Table  A 
(see  Appendix  A;,  this  raw  score  produces  an  area  of  0.3085 
(.5000  -  .1915).  However,  in  the  discrete  case,  the  area 
)0 . 5  IS  not  calcu lated  in  the  same  way .  Assurai ng  our 
discrete  raw  scores  are  in  units  of  tenths,  each  tenth 
representing  an  area,  0.5  includes  all  possibilities  from 
0.45  to  0.55.  Therefore,  in  the  discrete  case,  the  line 
representing  0,5  does  indeed  depict  an  area  of  raw  scores 
from  0.45  to  0.55  inclusive.  After  this  fact  is  taken  into 
account,  the  normal  curve  can  bfe  utilized  as  *s  done  with 
continuous  data.  Calculation,  in  the  discrete  case,  of  the 
area  greater  than  0.5  is  then  done  by  considering  0.55  and 
the  area  beyond  that  number.  Hence  the  area,  if  our  raw 
scores  are  the  same  as  z-scores,  would  be  .2912  (.5000- 
0.2088)  as  opposed  to  the  continuous  case  previously  stated 
as  0.3085  (see  Table  A  in  Appendix  A). 

In  sum  then,  we  need  to  specify  our  cut-off  points  in 
the  discrete  case  before  we  apply  continuous  procedures  to 
It. 

A  special  case  will  be  considered  3s  a  topic  next  and 
then  discussion  will  focus  on  specifically  using  a 
Correction  Formula. 

Misconception  4:  Establishing  a  Convention  to  Accommodate  a 
 ^ — Special  Case  in  Discrete*  uistr ibut  10ns 

Some  authors  attempt  to  treat  discrete  <lata  in  the  same 
way  as  continuous  data.  They  assign  a  z-score  to  a 
discrete  point  and  calculate  probabilities  by  using  areas  to 
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the  left  or  right  of  a  line  drawn  fron  the  point  to  the 
noraal  curve.  They  even  attempt  to  establish  conventions 
for  dealing  with  anonalous  cases.  Horvath  (1985;  establishes 
a  convention  by  stating  "...the  cutting  score*  or  dividing 
line  score*  is  always  part  of  the  area  toward  the  aean  of 
the  distribution."  ip.79), .  Figure  5  represents  this 
situation. 


65  nean 

Figure  5.  A  Convention  to  establish  the  placement  of  the 
score  which  is  on  the  line. 

Fron  Figure  5,  the  raw  score  65  by  convention  is 
assumed  to  be  part  of  the  area  toward  the  nean  represented 
by  the  shaded  area.  This  appears  to  be  correct;  but,  what 
IS  failed  to  be  realized  is  points  along  the  horizontal  axis 
in  a  discrete  distribution  are  represented  by  rectangles, 
not  by  lines*  These  units  represent  areas  because  they  are 
rectangles  which  by  definition^  have  width  (in  contrast  to 
the  continuous  case  of  a  line)  . 

In  Figure  6,  we  see  that  tne  discrete  raw  score  of  65 
neither  belongs  to  the  area  to  the  right  of  65  nor  does  it 
belong  to  the  area  to  the  left  of  65.  The  raw  score  65 
actually  belongs  to  an  area  depicted  by  a  rectangle  which 
includes  raw  scores  of  64.5  to  65.5  inclusive.  This 
rectangle  Is  illustrated  by  the  shaded  area  (see  Figure  6). 


1      1  uinean) 

1  651 

64.5  65.5 

Figure  6.  Area  representing  a  discrete  random  variable  which 
lies  on  the  cutting  edge  of  the  line. 

Therefore,  we  need  not  establish  a  convention  to 
acconodate  a  special  case  in  discrete  distributions  because 
a   datua    in    a  discrete  distribution  13   represented    by  a 

5J8 


rectangle  and  a  datun  in  a  continuous  distribution  is 
represented  hy  a  line. 

Ve    conclude    this  section  on  nisconcept ions  and  focus 

our  attention  on  the  Correction  Foroula. 

The  Correction  Formula 

In  order  to  obtain  accurate  answers  to  solutions 
involving  the  use  of  the  standard  nomal  distribution  with 
discrete  distributions  of  data,  we  need  to  correct  for 
continuity  iFreund,  1964) .  This  we  do  by  adding  or 
subtracting  one-half  of  a  point  one  more  decinal  place  to 
the  raw  score.  For  example,  if  we  had  a  raw  score  of  6,  the 
corrected  raw  score  would  be  6.5  or  5.5  depenaent  upon 
which  side  of  the  raw  score  the  area  under  consideration 
lies.  In  tabular  forn  we  have: 

Tajle  1 

Foraula  for  Correction  of  Continuity 
Formulg 

Z    =    X  +/-  correction  factor  -  nu 
sigsa 

Explanation  of  Symbols 

Z  »  Z-score  corrected 

X  *  original  raw  score 

correction  factor  *  one  half  of  a  decimal  place 

mu  =  nean 

signa  »  standard  deviation 


It  seems  appropriate  that  we  answer  her2  the  question 
"tfhen  do  we  add  the  correction  factor  and  when  do  we 
subtract  it?"  As  an  exaaple#  if  we  are  considering  areas  of 
a  discrete  distribution  that  ire  greater  than  6,  we  would 
add  the  correction  factor.  As  a  result,  the  area  depicted  by 
the  Z-score  would  represent  raw  scores  of  6.5  and  greater. 
If  we  were  considering  the  area  representing  raw  scores  less 
than  6,  we  would  subtract  the  correction  factor  so  that  we 
would  obtain  a  corrected  raw  score  of  5.5.  As  a  result, 
applying  the  (continuous)  standard  noraal  distribution  would 
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now  be  done  correctly  and  the  area  would  represent  raw 
scores  of  5.5  and  lower.  Figure  7  displays  areas  of  this 
discrete  distribution. 


Area  A  =  X  <  6 

I  6  I  X 
5.5  6.5 

Figure  7.  Areas  depicting  "greater  than",  "less  than",  and 
"equal  to"  t^e  discrete  ran  score. 

Table  2  represents  a  decision  chart  which  includes  ail 
of  the  possibilities  for  use  of  the  correction  factor 
to  be  applied  to  discrete  randon  distributions. 

Table  2 

Decision    Chart  for  Addition  or  Subtraction    of  Correction 

Facte 


Location  of  Area 
Under  Consideration 

Arithaetic  Operation  on  the 
Correction  Factor 

)  X 

i  X 

<  X 

I  X 

Use  of  the  Correction  Fornula  is  now  illustrated. 


Using  the  Correction  Formula 

Three  examples  will  be  presented  in  this  section  which 
all  contain  discrete  data.  Differences  between  correcting 
for  continuity  and  not  correcting  .for  continuity  are  shown. 

Example  1:  The  University  Library 

For  this  problem,  let  us  now  assume  you  are  standing  at 
the  main  door  of  the  Cornell  University  Library.  We  will 
also  assume  that  inside  the  library  you  are  equally  likely 
to  find  both  male  and  female  students.  The  quest i^  .  la 
this,    what  IS  the  probability  tnat  of    the  next    6  students 
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to  exit  the  library  that  more  than  4  will  be  male? 
(mathematical i;-  the  probability  is  .1094;.  Also,  what  is 
the  probability  that  raore  than  3  will  be  female?  (mathemati- 
cally, the  probability  is  .3437^.  Appendix  B  gives  the 
mathematical  solutions  to  these  problems  but,  we  wish  to 
utilize  the  normal  curve  to  approximate  these 
probabilities.  Figure  8  represents  the  binomial  distribution 
of  this  example. 


o 
c 

c  20- 
u 

r  15- 
r 

e  10- 
n 

c  6- 
e 

s  1- 


0      1      2      3      4      5  6 
number  of  females 

Figure.  B.  Bmoaial  Distribution  of  number  of  females  exiting 
the  library. 


In  order  to  solve  this  example  and  others  we  must  first 
asK  ourselves,  "Does  this  distribution  consist  of  discrete 
or  continuous  raw  scores  idata)?**.  Since  it  consists  of 
discrete  data  we  must  correct  for  continuity  but  firs*,  let 
us  illustrate  what  happens  when  correction  for  continuity  is 
not  made. 


Incorrect  Solution  C  )  *es3 


X  -  mu  2-3 

2  =    =  -0.82 

Sigma  1.22 


A  Note:  )4  males  means  **<2  females'*  2  3 

*  Note:  see  Appendir  B  for  calcula- 
tions of  mu  and  sigma. 

Figure  9.  Portraying  the  incorrect  solution  whereby  the 
Shaded  area  represents  the  probabilfy  of  raw  scores  ^  ^. 


Table  A  (see  Appendix  A)  yields  an  area  of  .2939  for  the  z- 
score  of  0.82.  Ve  subtract  it  from  .5000  to  obtain  a 
probability  of  .2061  that  more  than  4  will  be  males. 
Contrasting  this  incorrect  procedure  to  the  mathematical 
calculation    (see    Appendix  B)  we  get  an  error  of    46.92%  . 
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Calculating  (incorrectly)  the  other  half  of  the 
question: 


Incorrect  Sol 

ution  C 

>3  fenales] 

X  -  nu 

3-3 

2  =    = 

■  =  0.00 

signa 

1.22 

Figure  10.  Portraying  the  incorrect  solution  whereby  the 
shaded  area  represents  the  probabilty  of  raw  scores  >  S. 

From  Figure  10,  we  easily  see  the  probability 
^proportion  of  l)  is  equal  to  .50C0  that  more  than  3  will  be 
female.  .contrasting  this  incorrect  procedure  to  the 
nathenatical  calculation  ^see  Appendix  B) ,  we  get  a 
difference  of  31.26  %  . 

This  IS  the  correct  way  to  calculate  the  2-scores  : 

Correct  Solution  C  )4  nalesJ 


Fv  mula 

X        correction  factor  -  u 


2  a 


sigaa 


Appl ication 

2-0.5-3 

z  =   

=  -1 .23 

1.22 

r 


1.5  3 


Fiqu-  -  _U .  Using  the  Correction  Formula  whereby  the  shaded 
area   - -^resents  the  probability  of  Discrete  raw  scores  ^  2.0. 

Table  /lelis  an  area  of  .3907  for  a  2-score  of  1.23.  We 
subtract  {  from  .5000  to  obtain  a  probability  of  .1093  that 
■ore  than  4  will  be  aales.  Contirasting  this  correct 
procedure  to  the  iiatheaatical  calculation  (see  Appendix  B) 
we  get  a  difference  of  only  0.09i  suggesting  that  this 
correction  forraula  is  very  accurate.  Calculating  the  other 
half  of  the  question: 
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Correct  Solution  C  )3  females] 


Formula 

X        correction  factor  -  u 

2  =  —  

signa 

Application 

3  *  0.5  -  3 

2  '    =  0.41 

 1.22  

3  3.5 

FiQure  12.  Usina  the  Correction  Formula  whereby  the  shaded 
area  represents  the  probability  of  discrete  raw  scores  ;3.0. 

Table  A  (see  Appendix  A)  yields  0.1591  cf  which  we  subtract 
It  from  0.5000  to  obtain  a  probability  of  .3409  that  more 
than  3  will  be  females.  Contrasting  this  correct  procedure 
to  the  mathematical  calculation  (see  Appendix  B)  we  get  a 
difference  of  0.81%  .  A  summary  table  is  provided  next. 


Table  3 

Summary  Table  of  Results  Contrasting  Correction  Without 
Correct  ion 


Procedure 

Results 

*  Error 

1  -    No  correction  used 

2  -    Correction  used 

3  -    Mathematical  calc. 

.2061  /  .5000 
.1093  /  .3907 
.1094  /  .3437 

46.92  /  31.26 
0.09  /  0.81 
0.00  /  0.00 

Table  3  clearly  shows  the  difference  between  correcting 
for  continuity  and  not  correcting  for  continuity.  Example  2 
IS  now  presented . 


Example  2:  Lever^Pr easing 

After  shaping  100  white-hooded  rats  to  lever-press  for 
food  pellets,  we  wish  to  seek  *he  number  of  rats  who  pressed 
the  bar  10  times  or  less  duung  an  extinction  phase.  The 
experimenter  has  obtained  data  on  rats'  performance  from 
other  studies  and  these  data  yielded  an  average  of  12  bar 
presses  during  the  extinction  phase  with  a  standard 
deviation  of  3  bar  presses.  Without  considering  the 
correction  for  continuity*  calculations  woul'-  proceed 
incorrectly  as  follows: 


Incorrect  Solution 


BU 


10  -  12 


2  » 


=  -.67 


Sigma 


10  12 

Fi  are  13*  Portraying  the  incorrect  solution  whereby  the 
shaded  area  represents  the  probability  of  raw  scores  uO  . 

The  probability  would  then  be  found  by  looking  up  the  value 
for  2  »  -0.67  in  Table  A  (Appendix  A).  This  yields  an  area 
of  .2486  of  which  we  subtract  fron  .5000  to  obtain  a 
probaDility  of  .2514  that  the  rats  will  press  the  bar  10 
tines  or  less  during  the  extinction  phase.  We  nultiply 
thi3  by  the  total  nunber  of  rats  to  obtain  our  solution:  100 
X  .2514  =  25  rats  pressed  the  bar  10  tines  or  less  during 
the  extinction  phase.  However  /  this  is  an  incorrect 
solut  ion. 

In   order    to    obtain  the  correct  so.ution  we    need  to 
apply  the  correction  for  continuity  as  outlinea  earlier. 


Correct  Solution 


Fornula 

X       correction  factor  -  u 


2  = 


Sigma 


Appl icat  ion 
10  ^  0.5 


12 


0.50 


10.5  12 

Figure  14.  Using  the  Correction  Fornula  whereby  the  shaded 
area  represents  the  probabilty  of  discrete  raw  scores  ilO  . 

The  probability  would  then  be  found  by  looking  up  the  value 
for  2  »  -0.50  m  Table  A.  This  yields  an  area  of  .1915  of 
which  we  subtract  from  .5000  to  obtain  a  probability  of 
0.3085  that  the  rats  will  press  the  bar  10  tines  or  lesj 
daring  the  extinction  phase.  We  nultiply  this  by  the  total 
nanber  of  rats  to  obtain  our  solution:  100  X  .3085  =  31  rats 
pressed  the  bar  10  tines  or  less  during  the  extinction 
phase.  This  is  the  correct  solution  as  opposed  to  25.  The 
third  exanple  is  now  presented. 
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Exanple  3:  The  Self-Referent  Content  of  Autobiographies. 

This  example  will  show  t^ree  different  procedures  for 
solving  the  sane  problen.  The  FIRST  PROCEDURE  does  not  naKe 
use  of  the  correction  formula.  The  SECOND  PROCEDURE  produces 
the  correct  solution  to  the  problen  and  employs  the 
correction  fornula.  The  THIRD  PROCEDURE  contains  one 
author's  incorrect  way  of  solving  the  problen.  In  order  to 
conpare  the  differences  in  the  three  procedures  used/  a 
sunmary  table  is  prcvided.  Let  us  now  exanine  the  problem 
and  the  various  procedures  used. 

Suppose  we  were  examining  t  he  number  of  words 
referring  to  the  self  in  autobiographies.  These  words*  such 
as  "I"/  "me**/  -nine**/  etc.  were  counted  for  2000 
autobiographies.  These  data  yielded  nornal  distributions 
with  nu=290  and  signa-38  for  the  2000  autobiographies.  We 
wish  to  find  the  nunber  of  autobiographies  with  200  or  fewer 
self-referent  words  per  chapter. 

First  Proceu'tre 

In  the  first  procedure*  it  would  be  tempting  to 
calculate  the  z-scores  in  his  way;  however*  it  would  be 
incorrect . 

Incorrect  Solution  

X  -  nu     200  -  290 

2  =    =    =  -2.37 

signa  38  

200  290 

Figure  15.  Portraying  the  incorrect  solution  whereby  the 
shaded  area    represents  ite  probabilty  of  raw  scores  i  200  . 

The  area  under  the  nornal  curve  is  equal  to  .0089  which  is 
nultiplied  by  2000  (t^e  number  of  autobiographies).  The 
result  IS  17.8  autobiographies  having  200  or  fewer  self 
referent  words  per  chapter. 

Second  Procedure 

In  the  second  procedure*  it  would  be  correct  to 
calculate  the  z-scores  in  this  way: 
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Correct  Solution 


Fornula 

X  -^z-  correction  factor  -  u 
2  

5  na 


Appl icat ion 

200  ^  0.5  -  290 

2  =    =  -2.36 

 38  

200.5  290 

Figure  16.  Using  the  Correction  Formula  whereby  the  shaded 
area  represents  tne  probability  of  discrete  raw  scores  ^200. 

The  area  under  the  nornal  curve  is  equal  to  .0091  which  is 
multiplied  by  2000  (the  number  of  autobiographies).  The 
result  IS  18.2  autobiographies  having  200  or  fewer  self 
referent  words  per  chapter. 

Third  Procedure 

This  procedure  makes  use  of  a  method  in  which  che  next 
number  is  used.  The  idea  is  nearly  correct  out  discreteness 
IS  not  taken  into  account.  The  desired  area  is  <^200/  and  the 
number  201  is  used  to  obtain  an  area  which  depicts  <  201 
which  IS  assumed  to  be  200  or  less.  The  fact  of  the  matter 
IS  that  the  line  has  area  because/  by  definition/  it  has 
width.  It  13  two-dimensional.  It  is  true  that  <.  200  <  200 
in  *he  continuous  case  but  in  the  discrete  case/  <.  200  is 
corrected  by  adding  0.5  .  However/  the  z-scores  were  calcul- 
ated incorrectly  as  follows; 

One  Method 

(X     1)  -  u 

2  =  

si\jma 

Appl icat ion 

200      1  -  290 

=    =  -2.34 

5 


201  290 

Figure  17.  One  Method  of  handling  the  correction  for 
continuity  whereby  the  shaded  area  represents  the  probabilty 
of  raw  scores  <  201  . 


The  area  unt'er  the  normal  curve  is  equal  to    ,0096    which  is 

ERIC  5'?S 


multiplied  by  2000  (the  number  of  autobiographies;.  The 
result  IS  19.2  autobiographies  having  200  or  fewer  self- 
referent  words  per  chapter. 

In  order  to  compare  the  difference  in  answers  among 
the  three  procedures/  a  summary  table  identified  as  Table  4 
IS  provided  next . 


Table  4 

Summary  Table  of  Results  Using  Three  Different  Procedures 


Procedure  Number 

Results 

%  Error 

1  - 

No  correction  used 

17.5 

2.19 

2  - 

Ccriect ion  used 

18.2 

0.00 

3  - 

I ncor r ec t  pr oced ur e 

19.2 

5.49 

Table  4  shows  that  using  an  incorrect  procedure 
(procedure  3)  to  c  -rrect  for  continuity  (in  discrete  data) 
may  produce  an  even  larger  error  than  not  using  a  correction 
formula  (procedure  1). 

Discreteness  Approaches  Continuity 

It  should  be  noted  that  to  use  the  Correction  for 
Continuity/  we  add  or  subtract  one-hair  of  a  point  one  more 
decimal  place  to  the  raw  scores.  Hence/  in  adding  the 
correction/  UO  would,  become  1.5  and  in  subtracting  che 
correction  1.0  would  become  0.5.  Other  examples  are  as 
follows:  2.50  would  become  2.55  or  2.45j  4.665  would  become 
4.6655  or  4.6615/  and  so  op. 

tfe  conclude  this  prraentation  by  showing  what  happens 
when  data  are  given  to  more  and  more  diiCimal  places,  lie 
..lustrate  by  two  examples.  The  first  example  (Example  4) 
uses  data  which  consist  of  whole  numbers.  The  second  example 
(Example  5)  uses  data  with  one  decimal  place. 

Example  4.  students'  Grados  (as  whole  numbers) 

Suppose  we  are  given  a  set  of  student  marks  and  we  are 

asked  to  convert  them  to  z-scores.  The  marks  in  this  set  ere 

given    to  integral  -^alues  only.    Moreover/    suppose  that  the 

mean    is  equal  to  63  and  the  standard  deviation  is  equal  to 

52;^ 


5.  Final-//  suppose  we  are  asJted  the  question  -WHAT 
PERCENTAGE  OF  STUDENTS  WILL  HAVE  HARKS  BETVEEN  60  AND  70 
INCLUSIVE?"  The  correct  answer  is  69.12%. 

It    would  be  tenpting  to  calculate  the  z-scores  in  this 

way: 
Table  b 

Incorrect  Calculation  or  z-scores. 

60-63       3  70-63       7  1 

^1  "      5      ^    5    "    *  ^2         5         —  " 


It  would  then  foUo'*  that  to  find  the  designated  area/  first 
look  up  the  area  ror  z  =  -.6  un  Table  A).  This  gives  you 
0.2257/  which  is  22.57i  and  which  represents  the  area  from 
the  mean  to  z  =  -.6  lor  area  in  Section  A).  Then/  looK  up 
the  area  for  z  =  -^1.4  which  is  .4192.  This  gives  you  41.92i 
which  represents  the  area  rron  mean  to  z  =  ♦I. 4  lor  area  in 
Section  Bi  .  Adding  the  two  yields:  22.57  ^  41.92  =  64.49  %• 
Figure  18  shows  this  area. 


iz  =  -.6)  area  =  .2257  =  A 


z-3Cores    -.6  0    1 .4 

Fijure  18.  ^cn-corrected  Result:  Area  between  z  =  -.6  to  z  = 

TechniCiMly  speaking  64.49i  is  an  incorrect  answer.  In 
fact/  many  statistical  textbooks  provide  such  solutions. 
The  z-scores  of  the  extremities  should  be  calculated  as 
fol lows: 

Table  6 

Calculation  or  z^scores  using  the  correction  formula. 


60  -0.5  -  63 
z  =    =  -.7 


70  -^0.5  -  63 
2  =   '  =41.5 


The  required  percentage  of  students  having  marks  between  60 
and  70  inclusive  should  be  determined  as  follows: 
First/  look  up  the  area  for  a  z  =  -.7  in  Table  A  (see 
Appendix  A).  This  gives  you  .2560  which  is  25.30%  and 
represents  the  area  from  the  mean  to  z  =  -  .7  lor  area  in 
Section  A).  Then,  look  up  the  area  for  z  =  ^1.5  which 
IS  .4332.  This  gives  you  43.32%  whict  represents  the  area 
from  the  mean  to  z  =  -^1.5  lor  area  in  Serition  B> .  Adding  the 
two  yields:  25.80  *  43.32  =  69.12  %.  WHAT  PERCENTAGS  OF 
STUDENTS  WILL  HAVE  HARKS  BETWEEN  60  AND  70  INCLUSIVE?  Thus* 
69 . 1 2%  IS  the  correct  answer.  Figure  19  shows  this  area. 
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vz  =-.7)  area  =  .2580  =  A 
(z  =1.5/  area  =  .4332  =  B 
Pi2=-.7  to+1.5)  area  =  .6912 


z  scores     -.7    0  +1 .S 

Figure  19.  Corrected  Result:  Area  between  z=  -.7  to  z  =1.5  . 

Another  way  of  looking  at  the  question  is  this.  The 
instructor/  by  assigning  integral  markS/  has  effectively 
assigned  to  all  narks  between  59.5  and  60.5  the  number  60. 
Likewise/  the  number  70  has  been  assigned  to  ail  marks 
between  69.5  and  '0.5.  Thus/  effectively/  the  statement  "all 
marks  between  60  and  70/  inclusive**  would  mean  *'all  marks 
ufctween  59.5  and  70.5  m  the  preliminary  marking  process 
before  the  final  integral  grades  are  assigned.**  ThuS/  the 
extremeties  59.5  and  70.5  would  be  choaen  for  this  problem. 
Figure  20  shows  this  situation. 

12  =-.7)  area  =  .2580 


iZ 


=  1       area  =  .4332  =  B 


P(2=-.7  ton  .5;  area 


.6912 


z  scores  - .7  0  + l .5 
Raw  scores     59.5    63  70.5 


Figure  20.  Portraying  P  <2  =  -.7  to*1.5j  as  Representing  tl?2 
Proportion  of  Raw  Scores  between  59.5    to  70.5. 
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What  If? 

A  question  which  mght  be  posed  is  this.  "  What  if, 
indeed,  an  instructor  assigns  narKs  which  nay  not  be 
integral?"  Fc  instance,  what  if  a  student  night  receive  a 
nark  of  72.4,  or  85.3  or  79  1/2,  85  1/4,  etc.? 

There  is  sone  hesitation  by  nany  instructors  to  use 
such  fine  division  of  narKs  because  it  fosters,  in  the  ninds 
of  students,  a  perception  of  sonething  trivial  or  of  nttle 
account.  However,  if  aarKing  is  pursued  on  this  basis,  the 
observations  here  are  sinilar  to  the  case  where  integral 
grades  only  are  assigned  and  nanipulat ions  with  z-scores  are 
done  in  a  sinilar  nanner. 

For  instance,  let  us  taKe  the  case  of  assignreent  of 
decinal  grades  and  apply  an  exanpie. 

Example  5.  Students*  Grades  (with  one  deciaal  place) 

Assuming  the  standard  deviation  for  a  set  of  scores  was 
5  and  the  nean  was  80,  WHAT  PERCENTAGE  OF  STUDENTS  MILL 
HAVE  MARKS  BLTilEEN  72.4  AND  8b.3  INCLUSIVE:"  The  correct 
answer  79.47»  although  it  would  be  tenpting  to  calculate 
the  2-scores  in  this  way: 


Table  7 

Incorrect  Calculation  of  z-scoreg. 


72.4-80.0 


=  -1.52 


85.3-80.0 

z  =  '  =*-fl.06 

2  5 


The  corrtcc  procedure  is  given  next  and  involves  using 
the  Cr-rection  for  Continuity.  This  results  in  the  following 


correct  solution: 


Table  8 

Correct  Calculation  of  z-scores. 


72.4  -0.05  -  80.0 

85.3  ^  0.05  -  80.0  . 

y  5 

Y                ^  -=+1.07 
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The  u^'eas  would  be: 

HO-CORRLCTION  FOR  CONTINUITY  CORRECTION  FOR  CONTINUITY 

\z  »  -1.52)  area  »  .4357  =  A  (z  =  -1.53)  area  =  .4370  =  A 

(z  =-^1.06)  area  =  .3554  =  B  (z  =4-1.07)  area  =  .3577  =  B 
Area  =  .7911  or  79.11%  Area  «  .7947  or  79.47» 

Figure    21    shows    the    appropriate  area  using    the  correct 

z-3Cores:  ^  g 


z-scores      -i .53   0   +1 .07 
Raw  scores       72.35  80  65.35 

f jqure  2\_.  Portraying  P(2  =  -i.S3  to  ^i.07)  as  representing 
the  proportion  of  raw  scores  froa    72.4  to  85.3  • 

It  should  be  clear  also  that  differences  between 
uncorrected  and  corrected  results  decrease  with  an  increase 
in  the  nunber  of  decinal  places  to  which  the  data  are  given. 
For  instance,  in  Exanpie  4,  where  the  data  are  given  to 
integers  the  uncorrected  result  is  64.49%  and  the  corrected 
result  IS  69.12%,  a  difference  of  4.63%.  I»  Exanpie  5, 
where  the  data  are  given  to  one  decinal  place,  the 
uncorrected  result  is  79.11%  and  the  corrected  result  is 
79.47%,  a  difference  of  .36%.  Thus,  the  more  decinal  places 
in  the  data,  the  closer  the  discrete  data  is  approximated  by 
the  continuous  distribution.  Hence,  ultimately/  if  data  is 
giver.  ?  a  sufficient  nunber  of  decinal  places^  corrected 
results    becone    negligibly  different  fron  uncorrected  ones. 

Synopsis 

Social  scientists,  statistical  textbook  authors, 
instructors  of  statistics  and  students  need  to  nake  clear 
distinctions  between  discrete  and  continuous  distributions. 
As  Illustrated  in  this  paper,  nisconcept ions  occur  when 
discrete  distributions  are  assuned  to  be  continuous.  In  such 
situations,  the  usual  correction  fornula  for  continuity  is 
necessary  but  ii.  often  ignored .  Thus,  the  resul  t  ing 
nunerical  value  nay  be  calculated  incorrectly,  tfe  have 
noticed    that    few    (if  any)  authors    of    statistical  texts 
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either  discuas  or  present  this  issue.  It  would  be  helpful  if 
instructors  and  authors  of  statistical  texts  would  clarify 
this  type  of  application  problen  for  the  benefit  of 
students* 

In  conclusion »  it  is  suggested  that  a  numerical  index 
night  be  worked  out  to  depict  the  degree  of  precision  which 
the  raw  scores  night  take  on.  This  index  would  give  us  an 
Idea  of  the  anount  of  error  we  would  obtain  when  discrete 
data  are  treated  as  if  they  were  con'  >nuous  data. 
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Append i\  A 

Table  A 

Area  Under  the  Noraal  Cyrv^  (between  u  and  z) 


0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
1,7 
1.8 
1.9 
2.0 

a.i 

2.2 
2.3 
2.4 


.00 


.01 


.02 


.03 


.04 


.05 


.06 


.07 


.0000 
.0398 
.0793 
.1179 
.1554 
.1915 
.2257 
.2580 
.4641 
.4713 
.4772 
.4821 
.4861 
.4893 
.4918 


.0040 
.0438 
.0832 
.1217 
.1591 
.1950 
.229: 
.2611 
.4649 
.4719 
.4778 
.4826 
.4864 
.4896 
.4920 


.0080 
.0478 
.0871 
.1255 
.1628 
.1985 
.2324 
.2642 
.4656 
.4726 
.4783 
.4830 
.4868 
.4898 
.4922 


.0120 
.OL  17 
.0910 
.1293 
.1664 
.2019 
.2357 
.2673 
.4664 
.4732 
.4788 
.4834 
.4871 
.4901 
.4925 


.0160 
.0557 
.0948 
.1331 
.1700 
.2054 
.2389 
.2704 
.4671 
.4738 
.4793 
.4838 
.4875 
.4904 
.4927 


.01^9 
.0596 
.0987 
.1368 
.1736 
.2088 
.2422 
.2734 
.4678 
.4744 
.4798 
.4842 
.4878 
.4906 
.4929 


.0239 
.0636 
.1026 
.1406 
.1772 
.2123 
.2454 
.2764 
.4686 
.4750 
.4803 
.4846 
.4881 
.4909 
.4931 


.0279 
.0675 
.1064 
.1443 
.1808 
.2157 
.2486 
.2794 
.4693 
.4756 
.4808 
.4850 
.4884 
.4911 
.4932 


*  Note:    to  obtain  an  area 
fron    .5000   the  area  given 
^-score. 


b£x^ 

1  in  T 


,  a  2-score,  sinnly  subtract 
'able  A    for  that  particular 
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Table  A  is  an  abbreviated  version  of  th^  Ares  Under  the 
Noraal  Curve.  It  is  given  here  in  order  to  aid  readers  m 
their  understanding  of  tne  2-score's  assuned  conversion  to 
the  proportion  of  the  area  under  the  nornal  curve  which  is 
reported  in  the  cblculations  given  under  each  procedure. 


Appendix  B 
Calculations  for  Exan^e-J 

I.    The  Binonial  Distribution: 


1             n-x  X 

X: 

It  C(n,x)q  p 
=0 

can  be  nodified  tot 


6     6  6-x 
(M  +  F)  =        C(6,xjM  F 


to  produce: 

6  6  0  5  1  4  2 

(M  +  F)     =    C(6,0)  M  F    +  C(6,l)  H  F  *    C(6,2)  M  F  -^ 

3  3  2  4  1  5  0  6 

C(6,3)  M  F  *  C(6,4)  M  F    *  C(6,5;  M  F  *    C(6,6i  M  F 


6  60  51  42  33 

(M  +  F)       (DM  F  *  (6)M  F  ♦  (15;M  F  +  (20)M  F  ♦ 

2  4  1  5  0  6 

vl5)M  F      (6)M  F  *    (1;M  F 

Vhese  results  can  be  transformed  into  a  table  of 
frequencies  (see  Table  B) : 

Table  B 

Fkeauencles  of  Hales  and  Fenales  in  a  Binonial  Disiribution 


Nuaber  of 

Nunber  of 

Nuaber  of 

Occurrences 

Fenales 

Males 

1 

0 

6 

6 

1 

5 

15 

2 

4 

20 

3 

3 

15 

4 

2 

6 

5 

I 

1 

6 

0 

II«    Hathenatical  Calculat)ons  of  probabilities: 

Probability  of  nore  than  4  out  of  6  being  male; 

number  of  occurrences  of  5  or  nore  nales 

s  --■ 

totol  nuaber  of  e.  .ks 
«    (1  ♦  6)  /  (1     6     15     20      15     6  1; 
»  .1094 

Probability  of  nore    than  3  out  of  6  being  feaale: 
nuaber  of  occurrences  of  4  or  aore  females 

total  nuat'er  of  events 
(1  ♦  6  ♦  15)/(1  *  6      15  -^  20  +  15      6  -  1) 
=  ,3437 

III.    Calculation  of  Other  Statistics 

The  nean  and  the  standard  deviation  were  calculated 
froB  these  data  :  0/1,1,1,1,1,1,2,2,2,2,2,2,2,2,2,2,2,2,2  2. 
2,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,3,4,4,4,4,4,4,4,4.4, 
4, 4, 4, 4, 4, 4, 5, 5, 5, 5, 5, 5, 6.  The  aean  was  calculated  as  3 
and    the  standard  deviation  was  calculated  "3  i,22  . 


MISCONCEPTIONS  ABOUT  MOTIVATION  IN  TEACHING 
MATHEMATICS 

Erika  Kuendiger 
University  of  Windsor,  Canada 

When  motivation  theory  is  applied  to  school 
learning,  it  provides  a  framework  that  stresses 
the  developmental  aspects  of  a  student's  motiva- 
tion to  learn  and  that,  moreover,  'Ismonstrates  how 
a  student's  motivation*!  sy«>tem  and  the  own  of  the 
teacher  are  i nter I  inked*  Some  aspects  of  the 
theory  are  applied  to  mathematics  learning  to 
demonstrate  the  useful Iness  of  this  theory. 

The  .mportance  of  motivation  for  the  learning  of 
mathematics  is  well  accepted.  Moreover,  it  is 
generally  accepted  that  it  is  the  teacher's 
responsibility  to  motivate  his/her  students. 
Textbooks,  written  to  prepare  pre-service  teachers 
for  the  challenging  task  of  teaching  mathematics, 
mostly  deal  with  the  issue  of  how  to  motivate 
students  by  stressing  one  or  more  of  the 
followingt  good  beginnings,  life  problems, 
recreational  mathematics,  math  labs,  etc* 
Hardly  any  rational  for  these  suggestions  are 
given,  leaving  the  teacher  aloi^e  tc  cope  with  th'^ 
experience  that  his/her  efforts  sometimes  seem  to 
be  successful,  sc<!)etimes  not. 

Motivation  theory,  based  on  av:tribution  ,  has  been 
shown  to  be  suitable  to  explain  tne  development  of 
a    student's    motivational  framework  relevant  for 
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school  learning  in  general*  Moreover,  this  theory 
provides  a  basis  that  enables  teachers  to 
understand  their  role  in  the  development  of  their 
student's  motivational  framework.  A  recent  summary 
o^  relevant  reseach  result^,  gc^ared  for  pre- 
set" vice  teacht?rs  ,  was  done  by  Alderman  et  al  . 
(1985) 

Below  are  some  highlighted  aspects  of  the 
theory  including  some  recent  developments,  which 
will  c^ive  an  idea  of  its  relevance  for  the 
learning  and  teaching  of  mathematics  in 
parti cul ar . 

The  readiness  of  a  student  to  actually  live  ^  to 
his/her  potential  when  given  a  mathematical  task  - 
that  is  his/her  motivation  to  solve  the  task  - 
depends  on  variables  directly  related  to  the 
situation;  in  particular,  as  to  what  degree  the 
situational  variables  relate  to  the  student's 
moti vational  framework,  developed  accord i ng  to 
forme*  experiences*  Two  of  these  variables  are 
e*g*  :  the  probability  to  be  successful  in  aoXvii^g 
the  problem  and  the  attractiveness  of  tne  task. 
Obviously  the  above  suggestions  for  teachers  can 
be  looked  upon  as  means  to  make  the  mathemaxiical 
task  attractive  for  students*  But,  if  a  student  is 
convinced      -  due    to    former    expc»riences    -  that 


he/she  will  not  be  able  to  solve  the  tsax,  he/she 
IS  very  likely  to  avoid  getting  started  no  matter 
how  interesting  the  problem  is, 

Table  1  gives  an  example  <  adopted  from  Heckhausen 
1974)  of  a  motivation  process  demonstrating  the 
importance  of  cognitions  involved  in  motivation 
and  sel f -evaluation.  The  theory  does  not  assume 
that  these  cognitions  have  to  take  place 
consciously  each  time. 

This  particular  pxample  was  chosen  to  demonstrate 
that 

a)  the  decision  to  sit  down  and  solve  a  math 
problem  normally  is  due  to  several  motives  - 
intrinsic  and  extrinsic  ones, 
it  IS  of  crutial  importance  if  and  how  the 
task  IS  related  to  a  student's  long  term 
project;  e.g.  if  a  stL'.dent  is  determined  to 
attend  college  and  for  this  needs  an  A  in 
fflath,  he/she  will  make  many  efforts  to  reach 
tt,i%  goal.  In  this  case  it  could  be 
irrelevant  as  to  how  interresting  math  is 
taught.  The  student  might  even  prefer  a 
teacher  who  only  focuses  on  how  to  do  the 
tasks  relevant  for  the  next  cx;^m. 
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Table  1 

MOTIVATION  PROCESS 


Exaoiple 


ACHIEVEMENT  SITUATION  problem  of  the  week 

g^COGNITIVE  PROCESSES 

-  student  is  interested  in 
•^robl  em, 

MOTIVATION  -  anticipates  success  and 

recognition  by  teacher^ 
peers, 

-  thinks  that  problum  is 
relevant  for  next  exam, 
needs  a  good  math  grade 
to  enter  college 

BUT  would  like  to  play 
f ootbal 1 


4* 

ACTION  solves  problem  successfully 

COGNITIVE  PROCESSES 


causal  attribution  of 
achi  evementt 

-  I  succeeded  is  I  know  my 
math, 

SELF-EVALUATION  -  I  discussed  problem  with 

my  father, 

(perceives  satisfaction) 


CONSEQUENCES  FOR 
FUTURE 
ACHIEVEMENT 
SITUATION 


tr  Q 


student  is  confident  to 
solve  the  the  next  problem 
succ  essf  u 1 1 y    as    we 11 , 
if  possible  will  ask  his 
father  to  make  success  more 
likely 


The    model  outlined  in  Table  1  not  only  describes 
the      motivation      process      xn      one  particular 
situation,     but    also    when  applied  repeatedly 
the      development    oi     a    student's  motivational 
framework. 

Let  us  assume  that  a  student  repeatedly  did  not 
correctly  solve  the  mathematical  tasks  given  by 
the  t»acher.  This  has  two  impacts  for  the  learning 
processes  to  come: 

Firstly,  a  more  subject-matter  directed  one:  the 
student's  deficiency  lessens  his/her  chance  of 
reaching  the  following  goal  because  of  his/her 
fragmentary  antecedent  knowledge.  Commonly  in 
mathematics  the  subject  matter  is  hierarchical 
in  nature  and  is  taught  m  this  way,  hence 
accumulating  deficiencies  are  likely  to  appear* 
Secondly,  a  motivational  directed  one:  failure 
can  caus<»  the  student  to  make  more  efforts  to 
compensate  for  these  deficiencies  and,  if  these 
efforts  lead  to  success,  the  learning  potential 
for  continued  learning  Is  strengthened.  If  these 
efforts  fail  and  if  this  occurs  over  and  over 
again,  a  failure  cycle  is  established  (Shapiro 
1962),  in  which  th&  negative  motivational 
development  nri  the  lack  of  knowledge  relevant 
for  the  next  learning  step  affect  each  other.  In 
analogy  to  this  failure  cycle,  a  success  cycle 
can  be  developed. 
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During  the  years  at  school  a  student  develops  a 
subject-matter  related  motivational  framework 
1 ncluding  his/her  achievement  related  self - 
concept  and  causal  attributions  of  success  and 
failure.  These  latter  variables  m  connection  with 
sex-role  perceptions  have  been  found  as  being 
useful  in  explaining  sex-related  differences  m 
mathem'^tical  achievement  and  course-taking 
behaviour.  It  is  in  the  research  area  of  'Women 
and  Mathematics'  that  motivation  theory  based  on 
attribution  has  been  applied  most  frequently  in 
math  education  (see  e.g  WoUeat  et  al .  1980, 
Schildkamp-Kuendiger  1982,  Eccles  1985). 
In  trying  to  understand  the  relationship  between 
specific  attributions  ^      self-concept,  and 

achiev  ment, particular  attention  has  to  be  given 
to 

1)  how  each  cause  relates  to  the  three  main 
dimensions  of  these  attributions.  These 
dimensions  arc*:  causal  stability,  locus  of  cause 
and  controllability  (  Weiner  1983,  Hansen  and 
O'Leary  1985).  For  example,  effort  can  be 
perceived  as  a  stable  or  unstable  cause  , 

2)  the  moti  vational  system  a  student  has 
acquired,  an  aspect  even  more  importent  for  the 
school  situation  than  the  first  one. 

Ames    and  Ames  (1984)  focus  on  the  latter  aspect. 
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Th»y  d«fin«  three  systems  of  student  motivation. 
These  systems  are:  ability-evaluative,  task 
mastery  and  moral  responsibility.  For  example,  m 
an  ability-evaluative  motivational  system  the 
student's  attributional  focus  is  ability-related 
and  the  self -evaluetional  and  strategy  focus  can 
be  characterized  by  questions  liket  "Am  I  smart 
enough?  Can  I  do  this?".  For  a  student  %*ho  acts  on 
the  basis  of  this  system  an  effort  attribution  of 
math  achievement  means  t  I  am  not  smart  enough, 
I  nee:^  effort  to  succeed  ".  This  student  probably 
will  not  choose  to  study  math  even  if  he/she  is 
very  successful  in  sol  vino  math  problems. 
On  the  other  hand,  for  a  student  who  acts  on  the 
basis  of  a  task  mastery  system  the  attributional 
focus  is  effort-related  and  the  self-evaluational 
anci  strategy  focus  can  be  characterized  by  ;"  Am  I 
trying  hard  enough  ?  How  can  I  do  this  In  this 
case  an  effort  attribution  of  success  indicates 
that  a  student  will  try  harder  m  case  of  failure 
and  will  not  easily  give  up  because  of  perceived 
lack  of  ability. 

The  conceptual  framework  of  a  student's 
mo'.i vational  system  proposed  by  Ames  nd  Ames  seems 
to  be  extraordinary  powerful  for  understanding 
the  developrsnt  c'  a  student's  self-concept  of 
math    ability.     It  seems  to  be      ,rthwhile    to  re- 


id 
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evaluate      findings  on  sex-related  differences  in 
attribution  patterns  m  light  of  this  framework. 
Moreover,     it  presents  a  new  view  of  the  impact  of 
teacher     behavior  that  goes  beyond  the  perspective 
of  looking  at  the  teacher  as  soiteotie 

a)  who  control es  the  difficulty  level  of  loath 
tasks, 

b)  who  directly  or  indirectly  influences  his/her 
students  attribution  of  their  achievement.  Inistead 
,  It  might  be  possible  by  applying  this  conceptual 
framework  to  find  out  if  the  math  learning 
environment  created  by  a  teacher  promotes  e.g.  an 
ability-evaluative  motivational  system  and  if  this 
math  related  environment  differs  from  learning 
environments  in  other  subjects. 

Research  m  this  direction  is  also  likelv  to  add  a 
new  perspective  to  sex-related  differences  in  math 
achievement  and  course-taking  behavior. 

So  far  the  role  of  the  teacher  has  besn  looked 
upon  as  one  of  an  outside  agent  in  charge  of  the 
learning  environment.  In  stressing  that  the 
teacher  enters  the  classroom  with  a  motivational 
system  related  to  his/her  ability  to  teach,  Ames 
and  Ames  (1984)  provide  a  framework  for  describing 
teaching  and  learning  as  an  interactive  process 
in  which  the  teacher  as  a  person  is  integrated. 
Applied  to  mathematics  this  framework  can  form  the 


basis  for  research  -focusing  on  questions  such  as: 

-  In  what  way  does  a  teacher's  own  math  learning 
history  that  is  his/  her  math  sel-f-concept  as  a 
lea»  nifig,  in-fluence  his/her  motivational  syste.Ti 
related  to  the  teaching  of  math'' 

-  How  doe«5  the  latter  influence  his/her  teaching 
methodes'^ 

-  Does  a  teacher  -  student  circle  exist  , 
particularly  in  the  primary  grades?  This 
could  mean  that  a  female  teacher  with  a  poor 
m^ith  learning  history  creates  an  ability- 
evaluative  learning  environment  for  her  students 
in  defense  cf  her  insecurity.  This  m  turn, 
may  have  a  negative  effect  particularly  on 
her  female  students. 

Some  of  the  abov.  questions  are  being 
investigated  in  a  research  project  in  Windsor 
<for  first  results  s.  Kuendiger  1985,  1987). 
It  seems  that  the  importance  of  affect  -  related 
aspects  m  general,  as  well  as  th^  need  for  more 
elaborated  frameworks  has  become  more  recognized 
in  math  education.  Beliefs  about  mathematics  and 
motivations  related  to  the  subject  are  nore  and 
more  looked  upon  a^s  important  learning  outcomes 
and  less  as  factors  promoting  learning  in  a  single 
instance  only. 

For     e> ample  ,at  the    PME-  X!   1987    a  whole  series 
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of  papers  focused  on  beliefs,  attitudps  and 
emotions  (McLeod  1987).  Hopefully  tn  the  future 
these  more  complex  views  will  be  made  available 
for  te^-^ner  training  as  well. 
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DevelcpoEnt  of  Bqpert  Systems: 
An  InstrTX±ianal  SJtratr  ;y  far  Dealing  with  Misocnoepticns 


Renate  y-^^peti 
TJtuversity  of  Mlraiesota 
Klnneflpoliis 


If  you  want  students  to  desire  kncwledge;  then  give  them  a 
reason.    If  you  want  students  to  understand  content,  then 
define  the  oonoepts.    If  ycu  want  students  to  see  the 
usefulness,  then  let  them  try  it.    If  ycu  want  linderstanding 
to  lead  to  higher^level  questioning,  then  let  thesm  create  the 
questions! 
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1.  Introduction 

In  our  rapidly  chai>ging  world  with  its  intensifying  focus 
on  problem  solving  and  e}^)ertise,  new  demands  are  constantly 
being  channeled  into  the  classnxan.   i»s  scientific  knwledge 
proliferates,  information  selection  becomes  more  of  a 
criticcil  issue.  Sadly,  much  of  the  way  we  talk  and  act  about 
education  still  seems  to  presi^spose  an  image  of  tne  student 
as  a  retainer  of,  rather  than  a  processor  of  experience  and 
inforroation.    We  require  students  to  memorize  unintegrated 
bits  of  information  rather  than  helping  them  refine  and 
structure  their  kncvledge  by  useful  enployn^t  of  it.   Vfe  are 
more  concerned  with        answers  are  given  than  with  how  they 
are  producea    Students  therefore  learn  to  solve  problems  by 
plugging  given  valxies  into  V2l cables,  and  never  adopt  the 
conceptualization  xanderlying  the  problem.    As  a  result  the 
principles,  constraints  and  contextual  issues  inherent  in  the 
content  are  never  recilly  grasped  —  and  thus  forgotten  within 
a  short  tiirve.    This  shortcircuits  not  only  retention,  but 
also  transfer  (Trollip  &  Lippert,  1987) . 

New  ccaiputer  technologies  leJce  it  possible  to  deliver 
ii'^t^^iction  in  fundainentally  different  ways  and  allow  for  the 
possibility  of  radically  different  learrdng  environnents. 
Also,  recent  advances  in  understanding  hew  students  solve 
problems  in  the  science  disciplines  have  given  researchers 
haps  that  new  tools  can  be  develcped  to  inprove  the  quality 
of  science  education  (linn,  1987) .    At  the  same  time  they 
provide  researchers  with  far  more  pcwerful  tools  than  ever  to 
study  how  students  learn. 

TWO  of  the  main  interests  in  science  education  research, 
misconceptions  and  problem  solving,  can  benefit  by  using  an 
instmctionad  process  and  tool  that  artificial  intelligence, 
in  conjunction  with  cognitive  science,  have  handed  down  to 
us.    "It  is  clear  that  the  application  of  AI  research  to 
education  represents  the  potential  for  profound  changes  in 
trying  to  understand  what  the  student  understands."  (Good, 
1987).    Ihis  paper  proposes  brii^ing  some  of  the  fruits  of 
e^qsert  systear-  research  to  the  conventionaJ.  classroom. 
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discusses  v4iy  the  proposed  technique  may  enhance  and  extend 
existing  practices,  and  relates  sam  initial  e)q>ariences  with 
its  use.    Features  thf  .  will  b  discussed  in  this  regard  are 
the  develcproent  of  knowledge,  prcfolem  solving,  content 
structure,  misconceptions,  and  the  developrent  of  a  learning 
strategy  that  is  particularly  condusive  to  the  catpilation, 
integration,  and  interaction  of  declarative  and  procedural 
kncwledge. 

2.    Backdrcp:  Sucg<^ticnc  fron  recent  work  cn  misocnoeptlcns 

(Ihis  backdrop  is  =a^lied  for  ^-he  express  purpose  of 
illustrating  ho^'  che  proposed  new  instructional  process 
answers  to  past  research  recc35nniendations.) 

Good  intellectual  performance  ir  science  requires  that 
scientific  knowledge  be  used  to  solve  diverse  prctolerns. 
Students  need  to  learn  about  and  prat  Acq  scientific  inquiry 
in  sudi  a  --^r^"  triat  they  lea-n  to  develop  questions  and 
problc  IS,  recognize  their  own  idea*  and  explore  alternative 
ones  (Osborne  &  Freyberg,  1985) .    in  addition,  students 
engaging  in  a  social  process  of  negotiating  understanding  of 
scientific  data  and  c  ^^elcpirg  standards  for  inference, 
learn  the  definitions  of  variables,  the  range  of  variaiDles 
considered,  and  the  ackrwledged  interactions  among  variables 
that  are  apprtpriate  in  part  '^ular  instances. 

Reif  (1987)  discusses  tlie  inadec(iiate  concept 
interpretation  of  novice  students.    He  mentions:  1) 
invocation  of  kncwledge  fragments,  2)  lauc  of  e^^licit 
applicability  conditions,  3)  knowledge  storage  ver^ris 
processing,  4)  lack  of  procedural  interpretation  knowledge, 
and  5)  inconsistent  and  incorrect  concept  interpretations. 
To  reawdy  this,  he  suggests  active  practice  in  applying  this 
knowledge  in  diverse  situations,  usir^  this  knowledge  to 
detect  and  diagnose  mistakes  and  misconceptions.   What  must 

some  of  the  essential  char-acteristics  of  knowledge  to 
ensure  chat  it  can  be  used  reliably  and  flexibly? 

r^entoei^^^^  and  t:.8  ability  to  make 

S?SS''fh5°^^^^         ^  accdtpanied  by  prt)cedural 
^      Sir 2^        specifies  what  one  must  actually  do  to 
HI  C  ^ther  stateraen^  s  are  true  or  false. 


Otl.^ise  declarative  knowledge  will  be  uninterpretable 
and  ultimately  meanir^lsss. 

2«1  Intoonration  and  orrfanization  of  knowledge 

Since  inquiry  and  leamir^  occur  against  the  backdrop  of 
current  Vncwledge,  assimilation  and  accanmodacion  are 
important  processes  that  gcr/em  the  continual  grtjwth  and 
refinement  of  nognitive  struccure.    Conditions  of 
aocanmodation  dictate  that  a^!equate  grounds  for  acceptir>g  new 
Jcncwledge  must  take  into  e  .oount  the  character  of  the 
problems  generated  by  its  predecessor  and  the  nature  of  the 
new  theory's  competition,   ohere  must  be  dissatisfaction  with 
thfc.  existing  conception,  the  alternative  conc^tion  must  be 
intelligible,  initially  plaa^-ible,  and  have  extention 
potential.    Integrated  understanding  is  more  likely  to 
cccpete  successfully  with  well-established,  but  inaccurate 
intuitive  beliefs.    For  exanple,  learners  tau^t  to  reason 
about  their  new  knowledge  and  to  question  how  it  fits  with 
their  current  ideas  gain  greater  understanding  than  those  who 
are  not  encouraged  to  raQect  on  their  own  learning  (Linn, 
1987) .    Instruction  focusiirr  on  ocnplex  skills  such  asc 
planning  problem  solutions  (sucOi  as  CKB)  can  enrahasize  this 
self-  regulation. 

Both  ej^jert-novice  and  misconception  research  has 
suggested  that  a  salient  characteristic  of  a  person's 
knowledge  is  the  structure  or  uiat  knowledge  ^inclusive  of 
both  content  and  its  organization)  and  that  it  is  possible  to 
assess  this  cognitive  framework  (Driver  &  Easley,  1978; 
Chanpagne,  Klopfer,  Desxsna  &  Jquires,  1981;  Simon  &  Simon, 
1977;  larkin  &  Kainard,  198-  . .   rtewart,  Finley,  and  iTarroch 
(1982)  claim  that  structural  organization  of  concepts  not 
only  makes  current  information  more  understandable  and  easier 
to  assimilate,  but  also  serves  the  learner  in  the  acquisition 
f  new  kncwledge.    A  concept  may  take  on  enhanced  meaning  by 
being  embedded  within  and  related  to  other  concepts.  The 
organization  of  subject  matter  knowledge  is  thus  critical  for 
later  information  retrieval. 


Direct  instruction  in  knowledge  organization  can  be 
sucoesstul  as  for  exairple  vhen  new  knowledge  is  tau^t 
through  elaboration  (Eylon  &  Peif ,  1984)  •    But  teaching  rules 
and  even  cognitive  structure  has  ptwen  to  be  of  liiaited 
success  if  students  are  not  simultaneously  tau<^t  when  and 
why  to  use  certain  rules  —  the  so-called  applicability  and 
utility  conditions  (Lewis  &  Anderson,  1985) . 
2.2  Probltjro  solving 

There  is  airiple  evidence  that  skilled  problem  solvers 
operate  froa  a  different  kncwledge  base  thar  do  less  skilled 
problem  solvers.    Ihey  have  nora  dcsnain-specific  knowledge  of 
causal  principles,  and  their  knowledge  is  more  likely  to  be 
organized  around  these  causal  pr:lnciples.    Furthernvore,  they 
have  itore  prerequisite  procedural  knowledge  and  better 
knowledge  of  the  conditions  of  application  for  various  rules. 

Studies  of  ejqjert-novice  differences  in  physics  problem 
solving  have  found  that  ei^^erts  use  abstract  principles  to 
ii^resent  and  solve  a  problem,  whereas  novices  tend  to  base 
their  r^rese. -tat ions  and  approaches  on  the  litered  or 
5»:rfaoe  features  of  problems  (Chi,  Feltovich,  &  Glaser,  1981; 
larkin,  1980) .    ENperts  evidently  have  discriitiinated  when  it 
is  safe  to  reiy  only  on  surface  features  without  accessing 
t^ie  deeper  structure  of  the  prctolem.    Teachers  and  textbooks 
teacii  general  rules,  but  provide  no  strategic  advice  about 
when  to  u^  them.   P^searchers  like  Tarkin  (1980)  have  found 
that  teaching  students  the  heuristics  that  experts  enploy 
pays  off. 

Lewis  and  Anderson  (1985)  state  that  prcblem  solvers 
lean,  to  a^ly  appropriate  actions  from  learning  sets  of 
problem  features  (schema)  that  predict  the  success  of 
different  problem-solving  actions  (c^^erators) .   They  maintain 
that  students  learn  to  apply  an  operator  better  during 
active,  deliiDerate  hypothesis  testing.   Ihe  degree  of 
conscious  processing  affects  how  well  schema  are  acquired. 
Operator  sche»ia  are  only  fomm  when  subjects  actually 
Inoorrectly  apjply  their  qperators  and  get  feedback  as  to 
^^^   eir  errors. 
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Gagne  and  smith  (1962)  found  that  instructing  students  to 
verbalize  why  they  were  making  each  move  while  solving  a 
problem  had  significant  effects  on  the  number  of  moves  and 
the  overall  tiirve  on  task.    Ericsson  and  Simon  (1984)  ejq^lain 
that  verbalization  forces  subjects  to  make  inferences  about 
their  iftental  processes  ard  hence  access  inforiiation  which 
would  not  be  accessed  if  these  inferences  were  not  made. 

2.3  Verbalization 

Rumelhart  and  Ortony  (1977)  advocate  generalization  and 
discrimination  as  principal  mechanisms  for  schema  acquisition 
and  modification.    But  thfioe  only  describe  schema  changes, 
and  are,  in  fact,  not  mechanisms  for  prr-* icing  them.  In 
hi^y  integrated  schemata  a  shift  to  a  new  paradigm  via  a 
ilectical  process  must  also  take  place.    Anderson  (1977) 
oelieves  that  students  participating  in  a  Socratic  dialogue 
are  forced  to  deal  with  counterexamples  to  proposals  and  to 
face  contradictions  in  their  own  ideas. 

2.4  nnnditional  knowledge 

cues  learners  use  to  select  prctolem  solutions  appear  to 
beoGme  more  relevant  to  the  solution  as  e5q)ertise  increases 
(Linn,  1986) .  Ihis  can  be  construed  as  planning  knowledge 
which  evolves  with  experience  (Larkin,  19r-*K  Students  can 
be  introduced  to  the  criticality  of  knowledge  of  conditions 
and  constraints  by  teaching  it  in  parallel  with  new  concepts 
and  rules.  In  this  way  a>ntent  and  its  structure  is  tau^t 
in  an  intagrative  way,  insvead  of  being  left  to  the  student 
to  acquire  intrinsically  (Lippert,  1987) . 

2.5  Metg^(pogni£lsaD 

How  do  people  decide  what  to  try  next  in  solving  a 
problem?  How  do  they  knew  when  they  understand  something, 
and  what  do  they  knew  about  what  to  do  when  they  knew  t^  '•y 
don't  understand?   Knowledge  about  knc^ledge  and  personal 
functioning  in  referred  to  as  metaoognitive  knowledge.  lack 
of  such  strategic  knowledge  can  seriously  impede  problem 
solving  capability  (Brown  &  Palincsar,  1985;  Sternberg, 
1982) .   Teaching  an  appropriate  executive  strategy  to  monitor 
and  control  .-*ct*s  efforts  can  enlUiice  tha  problem  solving 
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abilities  of  mathe^iatics  students  (Schoenfeld,  1985) .  One 
xnechanism  for  oonceptctal  change  would  be  to  foster 
metacx3gnition  about  solution  selection  durir^  prcfolera 
solving,    since  leamir^  is  goal  orients,  the  learner  must 
orgdnizG  his  or  her  resources  and  activities  in  order  to 
achieve  the  goal.    Flavell  and  Welljnan  (1977)  suggest  four 
general  classes  of  metacognitive  knowledge:  1)  tasks  — 
knowledge  about  the  way  in  vAiich  the  nature  of  the  task 
influences  performance  on  the  task;  2)  self  —  knowledge 
about  one's  cwn  skills,  strengths,  and  weaknesses;  3) 
strategies  —  knowledge  regarding  the  differentiaa  value  of 
alternative  strategies  for  enhancing  performance;  and  4) 
interactions  —  knowledge  of  ways  in  which  the  preceding 
types  cf  knowledge  interact  with  one  another  to  influence  the 
outocnie  of  some  cognitive  perfonrance. 
2*6  Hisocnoeptions 

The  general  agreement  anongst  researdiers  in  the  area  of 
misoonoeptions  is  that  effectual  conceptual  cihar^e  is  wrou^t 
by  e3^)osure  or  diagnosis,  rorii  float  ion  via  ideational 
conflict,  and  lastly,  a  concerted  and  active  phase  of 
aoconmodation  and  consolidation,   ihis  is  in  agreeanent  witi* 
the  inf omation  processir^  paradigm  which  escihews  a 
generative  and  constructivist  model  of  leaminr. 

The  existence  of  a  misconception  (however  locaJized  or 
pervasive  in  its  extent  or  effect)  is  attributable  to  a 
misconstruction,  misrepresentation,  or  misappropriation  of  a 
certain  segment  of  the  subject-matter  structures.  Oiarpagne, 
Gunstone  and  Kloptor  (1985)  mention  that  the  characteristics 
of  the  declarative  knowledge  of  beginning  p'  ysics  students 
include  poorly     f ferentiated  and  uncoordinated  cono^ts, 
inprecise  propositixis  (eg*  more  force  uaeans  more  speed), 
situation-specirj.c  .explanatory  schemata,  and  a  poignant 
absence  of  principles. 

Diagnosis  of  Bdsconoeptions  demards  a  retrieval  of  a 
representaticxi  of  a  portion  of  the  subject-matter  structure 
in  cognitive  strticture.   As  such  it  permits  the  examination 
of:  1)  the  property  lists  which  give  meaning  to  various 


concepts,  and/or  2)  the  overlap  of  property  lists  associated 
with  pairs  or  groins  of  cona^pts,  3)  the  various 
relationships  between  concepts,  and  4)  thje  decision  strategy 
used  in  selecting  or  evaluating  concepts  in  longterm  memory. 
Various  techniques  currently  available  to  depict  how  students 
relate  pairs  of  concepts,  order  concepts  intc  larger 
structures,  and  how  this  activity  affects  the  acquisition  and 
understand:  *Tg  of  new  knowledge,  are  for  exanple: 

1)  CX^ISAT:  Oonc^  Structure  Analysis  'Technique  by 
Cliaitpagne,  Klc^fer,  Desena  and  Squires  (1981) . 

2)  CX»ISIC:  Concept  Structure  Interrelatedness  Carpetence 
by  Whal^  and  Novak  (1964) . 

3)  Concept  Xia^ixiQ  and  Vee  mapping  by  Novak  (1981) ,  and 
N<Dvak,  ^in  and  Jdtwsen  (198'^) . 

J)    Concurrent  and  retrospective  thinkir^-adoud  protocols 
using  \»rd  pairs,  multiple  choice  questions  with 
5pac»  r/or  justification  of  ciioice,  sortii^,  graph 
construction,  *ree  recall,  and  problem  solving.  Eg. 
Larkin  (1980) ,  Simon  and  Simon  (1977) . 

4)  Interviews  about  instances  o>-  eve  -s,  parts  of  vAiich 
have  been  called  the  DOE  ted-inique  (Deironstrate, 
Observe,  D^lain) 

While  a  useful  body  of  knowledge  is  aocumulatircr  on 
students  misconceptions  in  rcience,  less  is  knot/n  about  how 
to  change  those  intuitive  ideas  (Osborne  &  Fr^yberg,  1985) . 
Eradicating  a  misconception  cani^ot  be  done  by  merely  charging 
or  deleting  a  single  fact  or  concept  or  rule,  but  demands  a 
mrh  more  pervasive  action  due  to  the  multitude  of 
interrelatiaiships  of  these  entities.    It  is  not  just  a 
localized  sanitation,  ixit  reorganization  of  the  entire 
prcpositiOTal  network. 

Conditions  for  successfully  building  on  stuients* 
intuitive  ideas  (be  they  right  or  wrong)  reqaire  that 
teaching  inust  present  new  ideas  in  a  plausible.  Intelligible, 
3nd  fruitful  way.    Intelligible,  in  that  it  appears  coherent 
and  internally  consistent;  fruitful,  in  th  t  it  is  perceived 
as  elegant,  parsiironious  and  useful. 
3.    The  process  of  oonstructing  a  kncwlecige  base 

To  the  question,  vdiy  use  the  construction  of  knowledge 
bases  as  an  instnictiona.\  tool,  the  following  answers  can  be 
given.    It  is  a  vehicle  to  teach  students: 
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1)  Critical  thiriJdng  throu^  active  errployiient  of 
analysis,  synthesis,  and  evaluation. 

2)  To  think  about  theix  cwn  thinking  (inetaoognition) . 

3)  To  integrate  kncwledge  within  and  between  dcnains. 

4)  To  cultivate  conditional  kncwledge  by  thinking  not 
only  about  **what"  and  ''how**,  but  to  carefully  wei^ 
'•vAien'-  and  '"vAiy"  (conditions  and  constraints) . 

5)  Decision  making  in  a  variety  of  contexts,  using 
probabilities  and  heaoristics,  by  canbining  both 
qu2ilitative  and  quantitative  evidence. 

6)  To  vmoover  and  determine  relationships,  patterns,  and 
correlations. 

7)  To  formulate  and  fxlve  prdjlems  of  design  and 
analogy,  rather  than  inere  transformation  or 
manipulation. 

8)  To  reason  qualitatively,  instead  of  relying  on  nuinber 
crunching. 

Sefore  I  atteirpt  to  argue  the  utility  of  this  process  for 
the  prevent icxi,  diagnosis  ancf  remediation  of  misconceptiCTis, 
let  me  describe  the  inplementation  of  it.    The  teacher 
selects  a  topic  that  typically  is  hard  to  master  due  to  its 
oonplexity  by  virtue  of  its  abstract  nature  or  itn 
interrelationships  with  other  topics.    D^jending  on  the  goal 
of  tlie  exercise,  the  teacher  sets  a  boundary  to  the  size  of 
the  knw/ledge  base,  which  essentially  determines  hew  man^' 
rules  students  will  have  to  incorporate  in  the  rulebase  and 
to  what  level  of  spet;if  icity  ccnponents  will  be  described  and 
dealt  with.   Ohe  prime  task  for  the  student  is  to  isolate  the 
essential  decisions  that  can      eurrived  at  vdien  one  considers 
the  topic.    Ihese  then  dictate  what  questions  need  to  be 
formulated,  so  that  their  cinswers  lead  tc*  the  decisions-  The 
final  tarOc  is  to  set  up  a  procedure  by  wJiich  the  links 
between  question  answers  and  intermeuiate  ciecisions  1^  ad  to 
the  final  decisions.   This  procedure  is  constituted  of 
individual  rules  in  a  condition-action  (IF-TOEN)  format,  also 
called  productions. 

The  teacher  introduces  the  concept  of  an  esqjert  system, 
explains  the  format  and  stnicture  of  Tr-TKEK  rules,  and  the 
logic  behind  the  use  of  mathematical  &et  theory  to  construct 
negations  (NOT) ,  conjunctions  (AND)  ard  disjunctions  (OR) . 
Students  are  tissigned  to  groi^  of  twr>  to  four,  and  begin  by 
isolating  and  collecting  the  information  ' '  at  imist  be 
^  -Jtructured  into  a  knowledge  base.   This  is  an  iterative 
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proc>ess,  as  discussions  anvongst  each  other,  with  experts  or 
consultants,  or  delving  into  the  literature  refine  the  focus 
and  select  the  relevant  issues.   IVpically  this  phase  of 
identifying  the  content  is  *^he  forerunner  to  the  real 
exercise  of  debating  about  the  priority,  interrelationships, 
and  sequence  of  material  —  tlie  stage  of  defining  and 
exploring  the  r^resentation  and  inferencing  strategy. 

The  third  stage  involves  asseirblirig  the  knowledge  base 
carponents:  writing  the  questions,  dioosing  the  '^^isions, 
ccjrposing  the  rules  and  explanations.    language  siddenly 
takes  on  great  mea^iing  since  tlie  need  to  be  both  sue  ".inct  and 
accurate  (as  well  as  correct)  surfaces.    "  real  consideration 
underlies  this  concern;  If  someone  else  is  going  to  use  the 
system,  will  he  or  she  be  able  to  lin^erstand  ^he  logic, 
formulation  and  vocabulary?   it  is  typically  at  this  point 
that  groi^  enter  heated  debates  about  r^resentation  of 
their  collective  understanding.    It  is  a  oocpetitive  effort 
to  get  it  ric^t,  particulary  vAien  it  comes  to  justifying  ^ 
question  or  a  rule  by  an  explanaticxi.    In  this  feature 
individual  oonprehension  is  particularly  salient. 

Ori  typing  the  ccnponents  into  the  expert  system  shell  and 
running  the  inference  engine,  the  fourth  phase,  namely  that 
of  testing  the  representation  begins.    Frequently  there  will 
be  errors  of  emission  and  ic--undancy,  apart  from  syntax 
errors  that  can  be  eisily  idpntiiled  and  corrected.  But  just 
as  often  there  will  be  an  »»Aha!  Erlebnis"  as  stxidents  (as 
their  cwn  critics)  discover  the  discr^)ancies  in  their 
thinking  as  deleted  by  inconsistencies  and  false  inferences 
that  they  »*\inwittingly"  engineered.   They  are  betrayed  before 
their  cwn  eyeu  and  debugging  beccmes  an  in-depth  search  for 
ccnpleteness,  consistency  and  correctness.    Not  all  such 
errors  are  easy  to  remedy,  since  often  ttiB  entire  knowledge 
base  has  to  be  searched  and  remieled  to  beoone  more 
inclusive  or  coherent.   At  its  worst,  the  knowledge  base  has 
to  be  urchitectured  from  scratch.   Typically  this  phase  is 
aoccGpanied  by  spatial  r^resentauion  of  the  content 
hiersuxhy,  such  as  flowcharts  and  decision  trees. 
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The  fuiai  phase  canprises  retesting  and  verification,  aitl 
then  validation  by  public  diring,  either  by  letting  soroeone 
use  it  and  observijxf  their  responses  and  reactions,  or  by 
discussing  it  in  a  class  setting  (at  which  tiine  quit^  a 
deligjitful  dissemination  of  ideas  and  insists  can  ocrwr) . 
It  is  not  uncoranon  that  even  after  n^^eated  refineL^ent,  a 
public  airing  can  still  uncover  loophole,,  thereby  dia^mosing 
deep  seated  misoonoQJtions  or  other  types  of  errors. 

Building  kncwletfcpe  bases  ler>ds  itself  to  a  variety  of 

instructioned  strategies. 

1)  With  individijals,  pairs,  in  teams  of  up  to  4 
students,  or  the  v^ioie  class, 

2)  The  teacher  zs  expert  consultant  or  purely  as 
manager, 

3)  Only  considering  questions,  or  decisions,  or  rules, 
or  the  whole  knowledge  base. 

4)  Students  ass^jned  to  consult  real  experts,  or  to  rely 
only  on  literature  and  th^ir  own  knowledge, 

5)  Khcwledge  acquisition  by  extraction  solely  frcra  print 
or  interfaced  with  experimental  wrk  in  the 
laboratory  or  outside, 

6)  As  pen-and-paper  exercise  only,  or  eOso  put  into  an 
expert  system  shell. 

7)  As  hcBoework  assignment  over  days,  weeks,  or  a  term. 

8)  As  revisicsi,  as  enrichmenc  or  cnalienge,  or  instead 
of  a  paper  or  exam, 

9)  As  vehicle  to  primarily  teach  new  knowledge,  or  as 
practice  in  problem  solving  ancVor  reasoning. 

10)  Delj'Terate  cross-fertilizaticn  by  whole  groi^ 
evaluation  of  :  ^dividual  knowledge  bases,  or  purely 
individualized  activity. 

11)  Integration  of  individual  knowlec^e  bases  to  a  single 
product  in  vtole  groap  context. 

72)  Students  try  out  and  critique  each  ot^jtr^  expert 
systaas  by  ccnstructiiTg  the  decision  tree  and 
checkii>g  the  logic  anJ  consistency  that  Wv.y,  or  using 
the  cDn-line  versions  axtl  determining  the  cccpleteness 
and  -jorrectness  by  posing  as  real  users, 
4.   Hethods  ky  %toich  the  CKB  can  ftjnctlan  in  the  servijoe  of 

Edsoanoepticn  pieventicn,  diagnosis  and  reneiiation 

As  indicated  in  the  title,  there  eire  several  roles  that 

\']B  CKP  can  assume.    As  an  advance  organizer,  say  as 

pre-exe?cise  to  a  large  unit,  the  process  can  diagnosis 

st»Jdents  prior  knowledge,  especially  if  students  must  design 

a  kncvledge  base  individually.    As  an  integral  part  of  an 

instructional  unit,  it  can  serve  ^iie  stuients  as  learning 

tool,  preventing  careless  assimilation      actually  ocB|»llij^ 
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a  more  thou^^tful  processii^  amenable  to  accomodation,  of 
pe  i:icular  utility  is  the  necessity  to  process  the 
information  in  multiple  representations  (verbal,  as  well  as 
pictorial  such  as  concept  maos,  decision  ti  ^  or  flowcharts) 
thereby  strengthenii^  ccsrprehension  by  sustained  e:qx>sure, 

Vtich  has  been  said  in  the  literature  about  the 
fruitfulness  of  peer  tutoring  and  cooperative  leamirg.  As 
active  mechanism  to  remedy  misconceptions,  the  virtue  of 
grappling  with  the  issue  in  an  intense  style  as  in  a  groap 
constructing  a  knowledge  base,  cannot  be  overlooked,  Scsae 
pupils  are  more  influenced  by  views  and  explanations  put 
forward  by  other  students,  and  this  can  be  used  to  advantage. 
In  fact,  the  burden  on  the  teacher  to  deal  with  students 
individually  is  largely  delegated  to  peers  (who  mi^t  be  more 
rtithless,  but  mi^t  also  have  more  effect) ,    Ihis  is  of 
course  assuming  that  students  actively  participate  and  are 
not  just  passive  onlookers.    But  then  there  arc  various 
strategies  and  incentives  that  the  teacher  can  use  to 
orchestrate  ocupetiticai  and  accountability.   The  teachers 
role  in  defining  t'.ie  teams  (balancLig  the  presence  of  strong 
and  weak  students)  is  needless  to  say  critical  to  ensure 
healthy  dialectics. 

Seeing  that  cono^rtrual  chaise  is  usually  a  gradual 
process,  and  that  the  a<B  can  be  conducted  in  a  nodular 
fashion,  the  teacher  can  assign  the  student  to  devise  the 
questions,  or  any  of  the  oonponents,  and  by  Socratic  dialogue 
ensure  coherency  within  carponents,  before  fleshij^  out  the 
correlations  and  dependencies  between  ccnponents,  This 
usually  occurs  when  the  niles  are  constructed,  at  whicii  point 
the  student  can  a^^sreciate  the  full  impact  of  his  or  her 
logic  or  knowledge. 

To  capture  their  erroneous  beliefs  graphically,  the 
verdicts  in  the  rtdebase  can  be  simulated  practically  to 
augment  the  cm.    if,  for  exanple,  the  topic  is  electric 
current,  cr  gravitc^ti^iv,       li^t,  e^q^erimental  set-ups  can 
function  as  showcases  of  the  knowledge  embodied  in  the 
knowledge  base.    ("Vou  said;  'if  resistors  are  placed  in 
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parallel,  then  . . .  •    Let's  do  it  and  see  whe   ar  yoor  rule 
holds  up  in  real  life.**)    With  irore  abstracs,  jind  intangible 
tl-eaes  such  as  heat,  this  is  obviously  not  possible  and 
persuasion  has  to  occur  by  logical  argument. 
4.1  A  specific  exanole 

Physics  prci?lem-solving  requires  i-efined  skill  in 
isolatir^  the  relationships  between  inportant  facts,  and  the 
conditions  and  constrair-ts  that  dictate  new  these  are 
crnfigured.    Aside  frcsn  a  good  knowledge  base,  students  need 
to  have  a  lucid  landerstanding  of  the  organization  of  content 
matter  in  order  to  ef fecti\'ely  use  procedural  knowledge  in 
problem  solving. 

Standard  textbook  problem'*.,  based  merely  on  recall, 
usually  cater  only  for  the  direct  aj^lication  of  one  or  more 
previously  learned  formulas.    In  cont-ast,  process  problems 
foster  critical  thinking  and  creativity,  since  they  require 
non-algorithmic  strategies  that  integrate  various  formulas 
and  laws  into  a  coherent  lanit.   Tate  for  exairple  the  revision 
of  the  classification  of  matter.    If  the  teacher  is  anxious 
to  know  hew  students  have  integrated  the  theory  and  the 
practicad  experio^nts,  the  following  Socratic  procedure  can 
be  followed: 

Students  should  Vciunteer  the  questions  that  r-csea  to  be 
asked  in  order  to  corne  to  a  conclusion  what  n  particular 
substance  is.    ihat  could  mean  purely  decidirg  on  the  state 
that  a  substance  is  in,  or,  more  decisively,  wtier^  it  is 
classified  on  the  periodic  table  (if  it  is  an  element) ,  or 
what  substances  a  canpound  is  caiposed  of.    Students  must  be 
able  to  defend  their  propositions,  that  is,  argue  why  these 
questions  are  inportant.    Ihey  must  knew  what  possible 
answers  could  be  given  to  such  questions.    Taking  all 
possible  ooribinations  of  answers,  they  must  be  able  to 
project  the  plausible  decisions.    Or  take  the  reverse  order, 
given  that  say  three  decisions  can  be  readied: 

Dl  It's  a  solid. 

D2  It's  a  liquid. 
O  D3  It's  a  gas. 
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VJhat  questions  need  to  be  asked  to  catve  to  such  a 
conclusion?   And  v*i*'?   What  logical  rules  connect  answers  to 
decisions?   Note  1    c  the  number  and  content  of  decisions 
should  be  decider^  up  front,  in  order  to  effectively  define 
the  domain,  and  restrict  or  adapt  the  size  of  the  knowledge 
base  to  a  desired  instructionsd  function  and  age  group. 
Ql:  Is  the  substar^  a 

al.  solid? 

a2.  liquid? 

a3.  gas? 

(Students  could  be  led  to  see  that  a  fourth  option  is 
possible:  I  don't  knew.    How  should  such  a  response  be 
incorporated?  Or,  what  if  the  user  of  the  knowledge  systeTm 
insists  that  it  is  a  mixture  of  two  states,  or  even  all 
three?    Is  there  also  a  fourth  state?) 

Q2:  Is  it 

al.  an  element? 
a2.  a  canpound? 
a3.  a  mixture? 

(What  concepts  must  stments  understand  in  order  to 
distinguish  between  the  answers  to  both  questions?  What  will 
be  gained  from  knowing  a  particular  answer?   That  is,  why  is 
this  question  critical?   Wi'iid'x  qUMstioti  should  <xxns  first;  Ql 
or  Q2?   Or,  v*iat  should  the  next  logical  question  be?  What 
rules  can  be  stated?) 

Rl:    If  Qlal  and  Q2al  then  Dx 

If  it  is  a  solid,  and  an  element,  then  . . . 

R2:    If  Qlal  and  Q2a2  then  Dy 

If  it  is  a  solid,  and  a  compound,  then  . . . 
Here  Dx  and  Dy  stand  for  intermediate  decisions  in  the 
process  of  establishing  the  final  goals. 

R3:    If  it  is  a  liqiiid  element,  ... 

R4:    If  it  is  a  gaseous  mixture,  ...  etceter?. 
E>q)lanations  can  be  added  to  decisions  and  rules.  Repeated 
•»why"  pronpts  during  on-line  questioning  allow  tracing  of  the 
logic  chain  logic  (inference)  bidlt  into  the  program 
ejqplaining  why  a  particular  question  or  decision  was  given. 


So  far  the  knowledge  base  nay  look  decepti.aly  sijiple, 
but  already  these  two  questions  and  the  connection  between 
their  answers  will  have  elicited  considerable  thinklrg  %dth 
such  fundamental  concepts  as  the  kinet;c  theory,  ratio  of 
atans,  particle  spacijig,  boiling  or  freezing  points, 
s^aaration  roechanisms  such  as  evaporation,  etc. ,  and  not  just 
mere  thirfdjvg  about  concepts.    Constructing  knowledge  bases 
thus  forces  students  to  think  deeply  and  productively  about 
the  intrinsic  characteristics  and  relationships  of  a  tc^ic. 

It  ought  to  be  apparent  that  the  instructional  process 
outlir«l  above  confronts  students  with  their  own  cognitive 
structure  as  they  have  to  create  a  structural  representation 
of  v«Tat  they  have  supposedly  learned.    It  tests  their 
declarative  knowledge  (eg.  vcxalxilary) ,  their  conceptual 
kncwledge  (eg.  how  physical  chaises  vs  diemical  changes 
Irplicate  the  state  of  natter) ,  their  prtx:edural  knowledge 
(eg.  how  classification  can  be  conducted) ,  and  their 
conditional  kncwlojge  (when  and  why  a  certain  process  occurs 
or  principle  applies) .    As  sudi  it  soon  displays  their 
misconceptions,  or  infontation  that  is  absent  or  redu^iant. 
Before  students  can  decide  what  question  should  be  asked 
first,  or  v*iy  a  particular  question  should  be  asked  at  all, 
(that  is,  the  necessary  and  sufficient  conditions) , 
fundamental  issues  such  as  the  hierarchy  of  the  subject 
matter,  an  the  interrelationship  between  the  various 
knowledge  elements  (concepts)  have  to  be  clarified.    J.3  a 
vehicle  to  teach  problem  solvii^,  students  are  confronted 
with  the  characteristic  problem  solving  stages,  namely  i) 
identifyii^  a-Td  understanding  the  problem,  2)  devising, 
planning,  and  exploring  possible  strategies,  3)  actii^'on 
these  strategies,  and  4)  evaluating  their  effects.  Thereby 
students  should  be  able  to  .xnceptualize,  define,  ard  analyze 
problems,  seek  cut  appropriate  data,  formulate  key  questions, 
discxjver  patterns  and  similarities,  transfer  skills  and 
strategies  to  new  situations,  and  to  becane  familiar  with 
experimentation.    They  soon  notice  that  there  is  iior«  than 
one  way  of  oon:itructing  a  knowledge  base,  but  that  there  are 


certain  strategic  plans  that  limit  the  seardi  space,  that  is, 
converge  on  the  critical  elements  so  as  to  reach  a  conclusion 
in  the  most  efficient  way  possible. 

Ihe  nodular  format  of  a  production  system  is  particularly 
anenable  to  cumulative  assimilation  of  knowledge.  For 
exanple,  oncd  students  have  mastered  the  rudimentary 
classification  of  matter,  the  knowledge  base  can  be 
progressively  extended  to  incorporate  the  structure  of  ths 
periodi-:  table,  chemicd  bonding,  atomic  structure,  etc. 
Students  can  thereby  foreseeably  integrate  their  entire 
learning  in  a  dcmain.    What's  iwre,  they  can  integrate  their 
learning  across  dcnains,  such  as  interfacing  chemistry  and 
physics,  v4iere  there  is  a  considerable  overlap  of  principle^, 
anti  procedures. 

4.2    Evaluation  of  Studaits*  Khowledge  liases 

What  should  be  the  criteria  by  which  students'  efforts 
are  to  be  judged?    It  is  very  easy  to  det-ct  slitple- 
mindedness  (a  very  linear  ^Icw)  but  harder  to  appraise  the 
complexity  of  the  knowledge  iiTcorporated  into  the  knowledge 
base.    Ihe  latter  requires  a  careful  analysis  of  the  manifold 
relationships  forged  between  knowledge  elements. 

Evaluation  must  alwuys  address  both  components  evident  in 
a  knowledge  base  or  expert  system,  namely  the  content  and  its 
organization,    it  is  easier  to  assess  the  content  than  the 
stm:ture,  tut  typically  it  is  the  structure  that  students 
have  most  problems  with.    And  it  is  the  structure  that  is 
ultimately  responsible  for  the  charge  in  students  cognitive 
knowledge  base  —  a  main  reason  for  the  CKB  prtx^ess  in 
instruction,    Scaie  helpful  evaluation  heuristics  follow. 
A.  Size 

Just  looking  at  the  size  of  the  knowledge  base  is 
deceptive,  since  inference  power  usually  does  not  lie  in 
number  of  rules,  .':ut  in  l.;e  way  that  rules  ar»  formulated  crd 
ordered.    Thus  it  Is  utterly  possible  that  two  equal  sized 
kncwleige  bases  can  be  poles  apart:  one  posii^  only  strategic 
questions,  vMle  the  other  only  coverir^  a  small  percentage 
of  the  questions  po^si^le  in  the  particular  domain. 


B.  Vcxrabularv  and  nuinber  of  (Concepts 

An  appraisal  of  th3  number  of  basic  concepts  and  the 
accuracy  and  relevancy  of  the  terminology  used  gives  a  good 
hint  of  the  coverage  of  knov/ledge  in  the  knowledge  base. 

C.  Nuniber  of  questions  per  rule 

The  interrelationships  of  concepts  and  the  d^th  of 
knowledge  pertaining  to  a  particuleir  decision  is  illustrated 
by  the  amount  of  information  ccilled  for  to  make  that  specific 
decision.    This  is  of  course  in  opposition  with  the  well- 
known  fact  that  true  e^q^erts  often  make  decisions  on  the 
basis  of  very  little  data,  and  often  do  so  by  sheer 
recognition  procedures.   With  students,  one  is  still  dealing 
with  novices  in  transition  to  e}<perts.    Criteria  cannot  be 
applied  too  strictly,  since  students  displaying  soBdie  measure 
of  expertness  in  a  given  domain  mi^t  have  a  smaller  number 
of  questions  per  rule,  than  soneone  who  still  deals  with 
information  very  exhaustively.    In  the  fincil  analysis 
efficiency  and  effectiveness  are  the  yardstick  to  use. 

D.  Number  of  top  goals,  and  number  of  subooals  attaAed  to 
each  top  goal 

The  extent  of  a  domain  under  consideration  is  usually 
defined  by  the  number  of  tap  goals  (final  decisions) .  Vital 
interrelationships  are  depicted  by  the  nuniber  of  intermediate 
decisions  (subgoals)  necessary  for  validation  of  a  given 
final  decision.    This  shows  tiie  nestedness  of  the  dcmain. 
The  logic  construct  of  "necessary  and  sufficient  conditions" 
becaaes  a  valuable  evaluation  criteria. 

E.  Depth  and  breadth  of  the  decision  tree 

A  decision  tree  is  a  good  visual  aid  to  track  not  only 
the  extent  of  the  knowledge  considered  in  the  rulebase,  but 
also  serves  to  display  the  number  of  alternate  answers  and 
hew  these  lead  to  different  conclusions.   A  decision  tree  is 
essentially  a  navigation  chart,  showing  lines  of  reasoning, 
alternate  inferences,  and  various  interrelationships. 

F.  Ccgnpleteness 

Are  all  the  essentiad  cccponents  represented?   Look  at 
^     the  number  of  concepts  and  tl-ie  nature  of  the  decisions.  Are 
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all  possible  cases  within  the  domain  accounted  for? 

G.  Correctness 

VJhzit  answers  are  used  to  vcilidate  which  decisions? 
Looking  at  tjie  list  of  associations,  are  any  misconceptions 
evident?    Is  the  advice  given  by  the  expert  system 
appropriate?   What  are  tlie  basic  assuirptiors  underlying  the 
reasoning  used  by  the  e>q)ert  system? 

H.  Coherency  and  Consistency 

Are  the  relationships  that  were  fonaed  correct  and 
ccarplete?   That  is,  do  things  hang  together  well,  or  does 
missing  kncwledge  result  in  discontinuities  or  false 
conclusions?    Is  the  saiae  advice  or  prescription  given  for 
the  same  case  at  all  times?   Are  any  contradictions  present? 

I.  Conciseness 

Is  there  an  apparent  econcny,  elegance  and  smoothness  of 
decision  execution,  or  is  the  knowledge  base  loaded  with 
redtaidant  information?   This  can  often  be  seen  in  the 
rulebase  when  large  chunks  of  previously  established  goals 
and  associate  data  are  either  repeated  in  subsequent  rules 
or  replaced  neatly  by  the  decision  validated  earlier.  The 
designer's  awareness  of  priority,  hierarchy  and  patterns 
beccBoes  evident  in  the  way  that  the  rules  are  fonnulated  and 
ordered.    It  is  th'-  ordering  of  rules  in  particular  that 
displays  the  designer's  understanding  of  the  structure  of  the 
knowledge  under  consideration. 
5.  Benefits  of  the  ccnstruction  of  knowledge  bases 

If  these  then  were  saae  of  the  overt  mechanisms  in  wliich 
the  CKB  can  be  incorporated  into  instruction  oonoemed  with 
ittisconc^jtions,  what  are  the  aocaipanying  covert  processes 
that  the  CKB  addresses? 

1)  An  awareness  that  actions  and  findings  should  be 
critically  examined. 

2)  Clarity  of  what  to  look  for,  the  iirportan       '  a  result. 

3)  The  perception  of  a  purposeful  and  useful  ^    ivity.  It 
is  a  relevant  activity  since  they  have  the  freedom  to  be 
creative,  bound  only  by  the  format  of  ir^t  of  the  text 
editor. 

4)  An  awareness  of  own  fundamental  assunpticns  and  of  those 
inplicit  in  scientific  theory. 


5)   Students  are  acxxxmtable  for  their  cxanstruct  and  can 

relate  or  e3g)lain  their  thinking  and  interpretation.  The 
deraand  for  consistency  among  their  beliefs  about  the 
world  are  inpressed  'j^xsn  them. 

6;   Seme  sense  of  the  fniitfulness  of  new  conceptions 
advocated  by  others  in  the  graap. 

Posner,  Strike,  Hewson  and  Gertzog  (1982)  call  for 
science  to  develop  instruction  that  creates  ideational 
conflict,  as  well  as  -srganizing  instruction  so  that  teachers 
have  tine  to  deal  with  students'  misconceptions.  They 
suggest  representing  content  in  multiple  nodes  (verbal, 
mathematical,  pictorial,  concrete-practical)  to  aid  students 
in  the  organization  of  their  knowledge.    Iteaching  aimed  at 
aoocsnmodation  should  develqj  evaluation  techniques  to  help 
the  teacher  track  the  process  of  conceptual  charge,  and 
organize  instruction  so  that  teachers  can  spend  a  substantial 
portion  of  their  time  in  diagnosing  errors  in  student 
thinking  and  students'  resistance  to  acoannodation. 

In  ny  opinion  the  CKB  fulfils  all  these  siqgestions. 
Individual  students'  analyses  are  elaborated  and  modified  by 
other  students  analyses.    Inevitably,  contrtaversies  arise, 
usually  identified  because  of  differences  in  interpretation. 
Typically,  students  with  alternative  beliefs  attenpt  to 
oonvlnoe  others  of  the  validity  of  their  ideas.   As  an 
individual  or  group  defends  a  position,  the  concepts  becone 
better  exposed  and  defined,  and  underlyirg  assunptions  ani 
propositions  are  stated  expliciUy.   ihe  net  result  is  that 
students  are  ej^jliciUy  aware  of  their  analyses  of  the 
situation  and  the  need  to  reconcile  it  with  scientific 
oonoepts  and  prepositions  (as  set  forth  in  the  literature  or 
the  verdicts  of  e^qjerts  in  the  f  itld) . 

Students  can't  get  away  with  making  noises  that  sound 
scientific.    Knowing  phrases  or  terminology  without 
understanding  the  conceptualization  underneath  them  is  soon 
exposed  and  displayed  several  times  durirg  construction; 
namely  in  decision  trees  and  the  fonmilation  of  questions, 
decisions,  and  encoipa^sing  rules. 


Ihe  rule-base  demonstrates  tangibly  whether  students 
connect  concepts  in  an  integrated  way,  by  what  criteria  they 
are  groi?5ed,  what  relationships  students  use  to  link 
concepts,  vAiether  these  relationships  are  idiosyncratic  or 
whether  they  conform  to  relationships  specified  by  subject 
matter  specialists.    For  exarple,  students  typically  have 
problems  with  the  simoltaneous  chai^j  of  several  variables, 
which  often  is  the  case  in  a  dynamic  process  such  as  heat  ' 
transfer,  or  conduction  of  current.   Ihe  use  of  qualitative 
questions  forces  the  student  to  consider  the  functional 
relationship  between  variables,  since  they  cannot 
autatatically  apply  algorithms  in  a  mechanical  manner.  In 
the  CKB  they  are  tested  on  this  score.    If  experts  are 
characterized  by  the  power  of  their  qualitative  heuristics 
that  they  enploy  in  establishii^  a  problem-solvirg  strategy, 
the  use  of  CKB  would  be  a  productive  method  to  nurture  this' 
capability  in  students. 

Verbalization  is  an  lnportant  ccnponent  in  conc^jtual 
change,   while  students  in  groups  of  two  or  ncre  decide  on 
the  content  and  structure  of  the  knowledge  base  they  are 
actually  foroed  into  a  self-activating  and  sustainij^ 
Socratic  peer  tutoring  mode,    "what  will  happen  if. . .  ?"  and 
"«hy  will  it  happen?"  and  "Why  do  you  say  that  this  is  a 
prerequisite/antecedent  to  this  question  or  decision...?"  and 
"In  what  order  do  ycu  p-  Tpose  that  these  elements  be  placed?" 
and  "What  are  the  necessary  and  sufficient  conditions  for 
this  to  be  true?"  and  "What  are  other  alternatives  to  ...?" 
and  "How  can  this  be  phrased  unambiguously?"  are  typical 
questions  and  oounterquestions  that  students  would  use  in  the 
dialectic  process  of  ocming  to  an  agreement  that  synthesize* 
their  individual  understandings,    in  essence  the  process  is 
an  appeal  to  reflect,  consider  and  critically  judge 
oo«iitions,  constraints,  actions  and  consequences,  and  to 
reveal  these  thought  processes  in  the  form  of  knowledge  base 
ocuponents. 

Gxxup  projects  tipically  generate  a  tremendous  amount  of 
cooperative  learning  ttirough  peer  interaction.  These 
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intra-graq)  interactions  contribute  to  versatile  cognitive 
growth  because  it  is  a  direct  confrontation  with  different 
interpretations.  The  public  airing  and  defense  of  a  system 
also  provides  an  c^portunity  for  cross-fertilization  of 
creative  ideas  that  is  not  readily  available  thrcu^  other 
means.   Much  incidental  learning  takes  place  as  students 
become  focused  researchers  while  extracting  infonnation  from 
"eoq^erts"  (print  or  humans) .   The  rigor  required  in  defining 
the  rules  forces  students  to  read  the  literature  in  a  very 
directed  fashj.on,  see3dng  answers  in  much  the  saine  way  that 
advance  organizers  cause  students  to  survey  text.  Intrinsic 
jctivation  is  engaged  through  curiosity,  conceptual  conflict 
and  challenge.   Students  see  the  consequences  of  their 
decisions  and  solutions,  and  thereby  can  beosne  the 
interpreters  of  the  extent  and  limitations  of  their  cwti 
conceptualizations  of  reality. 

Frcm  an  information  processing  perspective  I  derive  the 
following  e)^licit  predictions  concerning  the  utility  of  ca©: 

1)  a<B  consists  mainly  of  elaboration  and  organization. 
Elaboration  adds  information,  while  organization  adds 
structure  to  information.    This  has  immediate  benefits 
for  encoding  and  retrieval. 

2)  Gei^eradization  and  discrimination  facilitace  pattern 
recognition  and  action  sequencing,  which  are  two  main 
manifestations  of  procedural  Icncwledge. 

3)  Students  will  be  able  to  ccmmunicate  their  problem 
solving  in  r  systematic  way,  using  a  scheme  that  models 
scientific  thou^t. 

4)  Students  becone  much  more  aware  of  the  dimensions  and 
representation  of  a  prdb?  .em. 

5)  Analysis,  synthesis,  and  evaluation  are  chief  cognitive 
processes  in  CKB,  thereby  teaching  students  to  reason. 

6)  The  entire  CKB  procedure  demonstrates  a  learning  strategy 
that  relies  on  lucid  acquisition,  representation,  storage 
and  utilization  of  knowledge. 

5.1  Particular  benefits  to  the  sbytort 

In  the  construction  of  a  knowledge  base  students  are 

actively  engaged  in  using  knowledge  '.f  conditions  and 

ocnstraints  to  tie  declarative  and  procedural  knowledge 

together  into  a  meaningful  unit.   As  a  problem  solving  task 

the  CKB  relies  on  a  thoroui^  synthesis  of  the  content  doKn3^Ji. 

This  is  the  vital  difference  between  solving  a  number  of 


5fJ6 


285 

problems  hoping  students  ccroe  to  a  synthesis  and  cognitive 
organization  themselves,  versus  giving  them  a  task  that 
forces  them  into  a  synthesis  mode  with  contesctual  feedback  as 
to  their  effectiveness  in  achieving  it.   Students  are 
creative,  instead  of  in  rote,  mechanistic  problem  solving. 
5.2  Particular  hpwf its  for  the  instrtictnr 

E:ipiriccilly  the  CKB  carries  saae.  prcsnise  as  a  rm-i 
teaching  as  well  as  learning  strategy.    It  is  a  new  process 
to  trace  changes  in  cognitive  structure  as  a  result  of 
instruction,  to  eaqjlore  the  relationship  between  knowledge 
structure  and  problem  solving,  and  to  attune  students  to 
monitoring  their  cwn  learning  by  deliberate  metacognition. 
It  is  an  instnictional  process  that  addresses  the 
higher-order  thinking  skills  in  a  rich  way,  allows  for  much 
individualization,  and  lastly  promises  to  be  ii  new  way  to 
identify  and  confront  misconceptions.    It  i^^  also  a  procoising 
testing  procedure  to  replace  traditional  tests  that  are 
insensitive  to  structure,  errors  of  emission  and  intrusions. 

Theoreticcilly  it  allows  npw  insists  into  learning  of 
intellectual  skills  and  cognitive  representation  and  action. 
Thus  it  will  have  spin-offs  f ,^r  schemata  and  information 
processing  theory.    Greeno  and  Simon  (1986)  believe  that 
human  thinking  can  be  modeled  as  production  formation.  This 
process  can  shc«*^  how  effective  a  deliberate  attenpt  at  having 
students  think  in  condition-action  format  can  be  in  normal 
instruction,  and  so  contritoute  to  instructional  psychology, 
coipiter-bSLsed  education,  and  cognitive  science. 
6.   Research  results 

What  effect  does  the  new  instructional  process  have  on 
the  integration  and  evolution  of  both  declarative  and 
procedural  kncwledae?   Can  the  effect  be  attributed  to  the 
emphasis  on  conditional  knCTf/ledae  in  the  construction  of  a 
knowledge  base? 

The  following  excerpts  are  from  a  1987  summer  project  in 
which  varicws  freshman  physics  students  constructed  an  on- 
line knowledge  base  on  projectile  motion. 
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Q:  ntiat  have  you  learned  about  pitDjectile  notion  as  a  result 

of  the  ocnstructicn  of  this  knovledge  base?"* 

SI:  "I  learned  new  relations  and  nev  vays  of  organizing?  the 
InfOTTEatian*    I  learned  the  mechanics  of  air  resistance, 
jfihat  factors  are  involved*    I  tow  more  definitely  what 
to  look  at  and  for  in  problems,  and  in  vhat  order  to 
ccxTsider  things*" 

S2:  "I've  analyzed  and  organized  icy  thinJdng*    It's  been  so 
chaotic  that  t?)  till  now  I've  not  been  able  to  organize 
it  and  fit  it  together  with  everything  else*  It's  more 
refined*" 

S3:  ••When  I  staix>*i  I  thou^t  of  projectile  notion  only  in 
Cartesian  coordinates,  no  air  resistance,  constant  force 
field,  etc*   Now  it's  any  object  undergoing  acceleration 
in  any  force  field*   Air  resistance  for  exaitple  is  rarely 
negligible*" 

Q:  "How  wuld  you  solve  prcblens  now,  and  vhat  type  of 
problens  would  you  be  able  to  solve  nod^** 

SI:  "I  *would  look  at  the  v4iole  problem  rather  than  just  the 
aquations*    Before  I  would  not  have  been  able  to  handle  a 
problem  like  an  odd  shaped  thing  falling  with  wind  around 
and  be  able  '':o  draw  force  vectors  and  determine  the 
path*" 

S2:  "Ihe  idea  I  had  before  was  that  there  is  no  air 

resistance,  and  new  it's  worked  itself  up  to  a  much  more 
ocnplex  system*    Like  hew  to  handle  the  curvature  of  the 
earth  and  the  Oorriolis  effect*    I  formerly  knew  just 
that  gravity  acted  and  sorething  landed*    Nbw  it's  a 
whole  range  of  things  that  ccroe  into  play*   Usually  I 
just  put  numbers  into  equations*    Now  I  have  a  much 
better  understanding  'where  the  equations  coiie  fron,  how 
they  work,  hew  they  go  together*    The  principles  behind 
them*" 

S3:  ••Ihe  value  of  CKB  is  that  you  don't  just  learn  how  to  use 
an  equation,  you  learn  how  to  solve  reeilistic  problems* 
Ihe  designer  of  the  knowledge  base  to  focus  on  all 
aspects,  variables  and  their  effects  on  the  problem*" 
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6«  Sunnary 

Mar^  mistakes  exhibited  by  students  are  traceable  to 
kncwlegde  that  is  fragmented  and  uninterpretable*  The 
ccnstructicsT  of  kncwlec^e  bases  aids  refinenent  of 
docain-specific  tocwledge  due  to  greater  degrees  of 
elaboration  during  enooding,  greater  quantity  of  matericil 
processed  in  an  explicit,  coherent  cortext  and  thus 
processing  in  greater  semantic  d^h*    Elaboration  greatly 
enhances  encoding,  whidi  in  turn  interacts  with  retrieval, 
since  "***  hew  it  is  recrieved  depends  on  how  it  was  stored" 
(TUlving  &  Thcroson,  1973)  *    Spatial  representation  of 
knowledge  during  construction  (via  decision  trees^  and  during 
validation  (via  flowcharts  and  dialogue  traces)  allows  a 
recording,  nonitoring  and  assessment  of  students'  dynamic 
cognitive  organization,  thus  facilitating  remediation* 

The  CKB  approach  illustrates  the  value  of  leamii^  by 
doing  with  the  learner  as  an  epistemologist*    It  d^icts  the 
perception  and  understanding  of  the  student:  Is  the  domain 
seen  as  only  a  collection  of  odd  and  unconnected  facts,  as 
conflicting  facts,  or  as  a  ccKplex  of  interrelated 
quantities?   Only  vAien  the  formal  stnK±ure  of  the  problem  is 
perceived  correctly  can  missing  data  be  appreciated,  and 
surplus  information  draw  attention  to  the  necessary  and 
sufficient  conditions  inherent  in  the  interrelationships* 
Students  can  plot  their  decisicais  and  associated  rules  in  a 
tree-like  format,  21s  they  respond  to  the  praipts  of  -che 
shell,  thus  seeing  the  hierarchical  structure,  subsunptions 
and  branching  t}iey  built*   They  can  correct,  e55>and  or  erase 
features  and  retest  the  rule-base  over  again  —  until  they 
are  persuaded  that  their  representation  is  ccnplete  and 
correct*    It  is  this  facility  that  is  unique  as  an 
instructional  tool,  and  particularly  attractive  since  it  does 
not  depend  on  the  imnediate  presence  of  the  instructor* 
Students  are  no  longer  spectators  and  imj.tators  in  problem 
solving,  hut  er^ineer  their  own  solutions  (Lippert,  1987)* 


7.  OondtisiGn 

I  believe  that  many  of  the  processes  involved  in  rationed 
conc^itual  change  and  growth  are  inherent  in  tiie  cxsnstniction 
of  a  knawlecJge  base.    Tacit  knowledge  beocmes  salient,  scheina 
specialization  and  generadization  taJces  pi  ace,  attribute 
isolation  leads  to  careful  definition  ot  terms  and  concepts, 
and  a  great  deal  of  laetacognition  is  involved  as  students 
explore  the  context  and  coherency  of  their  cwn  knowledge, 
^Alile  seeing  others  present  ideas  in  plaxasible,  intelligible 
and  fruitful  ways  that  lead  to  viable  acocratodation.    It  is  a 
pranising  2dtemative  to  practice  and  drill  that  short  change 
the  developroent  of  vital  cognitive  skills  that  problem 
solving  in  real-life  situations  demand*   When  the  CKB  process 
is  linked  with  ejqperimentation  and  visual  illustrations,  the 
overall  process  enuLates  scientific  inquiry,  Conc^rtmal 
change  is  a  gradual  process  with  no  quick  and  easy  solutions. 
The  CKB  too,  is  a  tedious,  thcu^  thorou^  process.  Vfliat 
mi^t  \jltimately  vote  in  its  favor  is  the  enjoyment  axid 
meaningfulness  of  this  procedure,  as  quoted  frcni  those  that 
have  gone  thrcu^  the  process. 

Lastly,  OCB  as  an  instructional  strategy  is  a  practical 
application  of  new  technology,  an  integration  of  Vcuricus 
research  themes,  has  the  potentied  to  increase  fundamental 
understanding  of  science  learning,  and  to  yield  ni°M  views  of 
teaching  and  goals  for  the  curriculum. 

8.  Scne  further  reeeazch  questicrs 

What  is  the  nature  and  extent  of  the  interaction  between 
declarative,  conditional  and  procedural  knowledge  in 
producing  a  clear  understanding  of  content,  \Mch  in  turn 
facilitate?}  problem  solving  skill?  Are  gains  in  th^se 
spheres  related  ancVor  oarpirable? 

What  factors  play  a  role  in  the  success  of  tha  CKB 
process  as  a  problem-solving  tool?  Spatial  ability, 
analytical  ability,  logical  ability,  familiarity  with  problem 
context  and  content?   Hew  is  motivation  to  learn  affected? 

Hew  is  retention  of  facts  and  problem-solving  skill 
effected  over  time? 
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Hew  will  this  activity  (if  inplemented  over  sane  weeks  in 
a  cooperative  style)  affect  the  socialization  amongst 
students?   What  are  the  constraints  on  time  and  size  of 
knowledge  base  for  a  given  age  grc^? 
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INTRCDli^ilON 

To  adequately  understand  a  scientific  experiment  is  in 
large  part  to  understand  science  itself.  The  experiment 
contains  all  th*>  elements  that  comprise  the  scientific 
enterprise;  an  intellectual  tradition,  a  problem  situation, 
instruments,  human  intellectual  creativity,  practical  cratt- 
skills,      data,      interpretations*  Thus     reflection  on 

experimentation  provides  an  avenue  for  the  inderstanding  of 
science.  But  this  avenue  has  not  always  been  followed, 
indeed  it  has  been  little  travelled  compared  to  the  highwayc 
of  empiricism  and  rationalism  where  the  understanding  of 
experiment  has  been  little  developed.  The  former  seeking  to 
understand  science  as  an  observational  activity  whereby  a 
largely  inert  mind,  or  tabulae  tdsa ,  looks  at  and  records  the 
world  in  its,  preferably,  undisturbed  state.  The  latter 
rationalist  tradition  down-plays  observation,  and  stresses 
the  role  of  the  active  mind  iu  coming  to  know  the  world;  in 
formulating  satisfying,  elegant  and  metaphysically  consistant 
accounts  of  the  working  of  the  world.  In  pa.:ticular  this 
tradition  emphasises  the  role  of  mathematics  in  scientific 
understanding,  and  the  deep-seatea  mathematical 
intelligiblity  of  nature. 

In  the  ancient  world  Aristotle  took  the  first  path  and 
Plato  the  second.  Subsequent  effoits  at  understanding 
science  have  largely  followed  in  the  footsteps  of  one  or  the 
other.  From  the  Scientific  Revolution  onwards  we  can  see 
Bacon,  Locke,  Hume,  Whewell,  Mill,  Mach  stressing  the 
Aristotelian,      empircist,      observationalist      aspects  of 
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science.  The  logical  positivi&ts  of  the  twentieth  century, 
and  even  their  most  formidable  opponent  Karl  Popper, 
continued  this  tradition  of  seeking  to  understand  science  as 
fundamentally  an  observational  activity ,  albiet  a 
sophisticated  one.  On  thv  other  nand  Plato  has  not  been 
witliout  progeny.  His  is  the  tradition  that  has  stressed  the 
prinacy  of  reason  over  observation  in  the  understanding  of 
the  world.  As  Plato  put  it  in  the  Thcatatus  "we  see  through 
the  eye,  not  with  the  eye."  Descartes  and  Leibnitz  are  in 
this  tradition,  -ts  are  (loosely)  those  post-positivist 
philosophers  of  science  who  stress  the  theory  dependence  of 
observation  (Hanson,  Kuhn ,  Laudan) . 

There  has  been  a  minority  of  philosophers  who  have 
sought  to  answer  the  perennidl  'estions  of  scientific 
ontology,  epistemology  and  methodology  by  focussing  upon  the 
scientific  experiment.  Here  the  key  element  of  science  is 
not  the  scientibt  as  spectator  (neither  an  observing  nor 
contemplative  one),  but  the  scientist  as  a  manipulator, 
intervenor  and  creator  of  circumstances  in  accord  with 
reason.  This  experimental  path  to  the  underi:tanding  of 
scie.nce  had  of  course  to  wait  tor  experimentation  to  be 
developed  as  the  method  of  science.  This  was  Galileo's 
contribution. 

The  early  champions  of  the  Scientific  Revolution  failed 

to    recognize    the   enormity   of    the   change    that    Galileo  and 
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others  had  wrought  upon  science.  They  failed  to  appreciate 
what  Galileo  himself  claimed  for  his  work;  namely  that  it 
was  a  "new  science  of  a  very  old  subject." 

Jmmanuel  Kant  was  the  first  to  recognize  the 
decisiveness  of  the  Galilean  break,  and  the  epistemological 
consequences  ot  the  new  mathematical-experimental  science* 
In  the  Preface  to  the  Second  Edition  of  his  Critique  of  Pure 
Reason  he  says 


When  Galileo  caused  balls,  the  weights  of  which  he 
had  himself  previously  determined,  to  roll  down  an 
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inclined    plane    •    .     »     a    light    broke    upon  all 
students  of  nature*     They  learned  that  reason  has 
insight  only  into  that  which  it  produces  after  a 
plan  of  its  own,  and  that  it  must  not  allow  itself 
to      be      kept,      as      it      were,      in  nature's 
leading-strings,  but  must  itself  show  the  way  with 
principles    of    judgement    based    upon    fixed  laws, 
constraining  nature  to  give  answers  to  questions  of 
reason's  own  determining.^ 
Kant's  central  claim  "that  reason  has  insight  only  into  that 
which  it  produces  after  a  plan  of  its  own"    is  the  basis  of 
the    experimentalist    understanding    of    science.     It    is  at 
fundamencal    variance   with    the    empiricism  of   Aristotle  and 
later    like-minded   me thodologists.       By    stressing  activity, 
production    and    intervention    it    is    at    the    same    time  at 
variance    with    the    rationalism    of    Plato,    and  subsequent 
idealist  and  purely-mathematical  methodologists.     It  did  not 
suffice  for  science  to  merely  create  a  plan,   no  matter  how 
elegan:   and    metaphysically   agreeable:      the  plan  had   to  be 
embodied  in  practice* 

Karl  Marx  had  a  profound  appreciation  of  Kant's  insight. 
Thus  his  stress  on  practice  as  being  epistemologically 
importani;  as  mediating  between  our  plans  of  the  world  and 
the  world  itself.^  Engels  in  commenting  on  the  then  debate 
between  chemists  concerning  whether  organic  molecules  could 
be  synthesised  from  inorganic  molecules  says  the  answer  lies 
in  practice,  in  "experiment  and  industry."  We  prove  the 
"correctness  of  our  conception  of  a  natural  process  by  making 
it  ourselves,"^  John  Dewey  developes  this  experimentalist 
tradition  in  his  stress  on  doing  as  a  condition  of  knowledge, 
and  his  mistrust  of  'pure*  experience  as  a  basis  for 
understanding.^  The  French  historian  and  philosopher  of 
science,  Gaston  Bachelard,  cogently  developed  Kant's  insight 
in  publications  prior  to  the  second  world  war.^ 
(Unfortunately,  they  were  little  recognized  by  the  dominant 
positivist  school  of  philosophy  in  Europe  and  America.  Mucn 
of    what   was   .«p  ..revolutionary    in  Thomas  Kuhn's  account  of 
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science  was  already  to  be  found  in  Bachelard' s  writings.) 
These  writings  were  publicised  mainly  through  their 
endorsement  by  the  briefly-popular  French  Marxist  philosopher 
Louis  Althusser.^ 

This  paper  will  illustrate  some  central  tenents  of  the 
experimentalist  comprehension  of  science  by  focusing  upon 
features  of  Galileo's  physics.  In  his  epochal  physics  we  can 
recognize  the  importance  of  reason,  inteJlectual 
constructions,  and  most  importantly  mathematics;  but  we  also 
see  the  importance  ot  embodying  these  intellectual  plans  in 
the  material  world,  of  transforming  circumstances  so  that 
nature  can  unambiguously  answer  questions  we  put. 

Galileo's  experir^ents  are,  in  an  Hegelian  sense,  the 
objectif ication  of  the  scientific  mind.  The  experiment  is 
the  vehicle  whereby  the  scientific  mind  knows  itself  and 
transforms  itself. 

The  picture  of  experiment  to  be  elaborated  has 
consequences  for  science  pedagogy:  how  people  learn  to  do 
science,  and  the  skills  and  mental  abilities  involved  in 
being  scientific. 

It  may  be  that  the  account  of  experiment  here 
illustrated  has  lessons  for  the  constructivist  account  of 
epistemology ,  this  because  of  the  stress  on  material 
factors  and  craft  skills  in  the  testing  and  elaboration  of 
knowledge  —  these  aspects  being  oft-overlooked  by  the 
rightful  constructivist  emphasis  on  intellectual  concepts, 
models  and  creativity  in  the  growth  of  knowledge. 

II.  GALILEO'S  MATHEMATIZATION  OF  PHYSICS 
The  thesis  can  be  we.  .  illustrated  by  following 
Galileo's  on-going  debate  with  Guidobaldo  del  Monte  who  was 
perhaps  the  greatest  physicist  of  the  sixteenth  century  and  a 
mathematician  of  note.^"^  He  was  an  Aristotelian  and  a  dogged 
empiricist.  What  was  at  stake  was  the  legitimacy  of  adopting 
mathematics  as  the  descriptive  and  analytic  language  of 
physics;  and  the  bearing  that  observation  and  experience  was 
to  have  on  the  mathematical^  expressed  and  proven  laws  of 
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physics.  Here  in  embryo  are  the  elements  for  the  empiricist 
and  the  rationalist  readings  of  Galileo.  But  as  well,  the 
debate  with  del  Monte  lays  out  the  slowly  developing  unique 
contribution  of  Galileo  to  phys/ics:  namely  separating  the 
behavior  of  everyday  objects,  which  is  given  in  experience, 
from  the  properties  of  oathematised,  ideal  objects,  which  are 
not  given  in  experience  but  are  the  subject  matter  of 
science.  And  once  this  separation  of  real  and  scientific 
objects  is  recognized,  his  reliance  on  carefully  planned  and 
executed  experiments  to  vindicate  the  constructed  properties 
of  the  scientific  object. 

Galileo's  earliest  work  in  mechanics  was  a  student  essay 
on  the  conditions  of  equilibrium  of  a  balance  (La  Bilancetta 
1586).^^  The  beginning  of  the  divide  between  del  Monte  and 
Galileo  is  seen  here,  as  is  the  beginning  of  Galileo's 
contribution  to  the  mathematization  of  physics.  Galileo 
represents  the  physical  balance  —  a  plank,  suspended  by  a 
rope,  on  vhich  is  placed  weights  —  by  a  straight  line, 
divided  at  a  point,  with  vertical  forces  superimposed.  The 
real  object  in  the  world  is  depicted  as  as  a  mathematical 
object.  Given  this  depiction,  Galileo  proceeded  to  prove  a 
new  theorem  about  centers  of  gravity;  if  weights  in 
arithemetical  progression  are  equally  spaced  along  the  arm  of 
a  balance,  their  center  of  gravity  divides  the  am  in  the 
ration  of  2:1.  This  proof  gained  Galileo  the  esteem  of 
prominent  mathematicians  in  Italy  and  abroad,  including  del 
Monte . 

Del  Monte  admired  the  mathematics  but  decried  the 
physics.  Clearly  the  depiction  (familiar  to  all  secondary 
school  students)  did  violence  to  the  facts.  The  physical 
balance  plank  was  three  dimensional,  and  of  uneven 
composition;  its  fulcrum  was  an  area,  not  a  point;  its 
weights  inclined  to  the  earth's  center,  they  did  not  hand 
precisely  parallel.  Science,  or  physics,  was  to  be  about  the 
behavior  of  everyday,  real  objects  in  the  world.  These  were 
gross,  messy,   and   imperfect.     only  by  falsifying  the  facts 
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could  they  be  depicted  mathematically.  In  a  critical  letter 
to  Galileo  he  says: 

These     men     are     moreover,     deceived     when  they 
undertake    to    investigate   the  balance    in  a  purely 
mathematical     way,     its     theory     bein^  actually 
mechanical;     nor     can     they     reason  successfully 
without    the    true    Dtovement    of    the    balance  and 
without     its     weights,     these     being  completely 
physical     things,     neglecting    which     they  simply 
cannot  arrive  at  the  true  cause  of  eventi>  that  take 
place  with  regard  to  the  balance. 
This    treatment    of    the    balance;    is    the    beginning  of 
Galileo* s  separation  of  che  theoretical  or  scicnt if ic  object 
of  knowledge ,  from  the  real  or  actual  cbj ects  of  the  world. 
It  is  the  beginning  of  the  method  of  idealization  in  science. 
Such     idealization    being    a    prerequisite    of  mathematical 
representation.^^    Yet  what  is  distinctive  of  Galileo  is  his 
conviction  that  the  truths  proved  for  the  scientific  object 
are,     in    some    way ,     applicable     to     the    world;        that  a 
mathematical  physics  was  possible.     His  account  of  experiment 
shows  the  way  in  which  this  applicability  holds. 

The  major  work  of  Galileo's  Pisan  period  (1588-1592)  was 
his  De  Motu.^^  This  is  a  brilliant  Archimedean  application 
of    Euclidean    argument    to   physical    situations. Although 
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brilliant,  it  was  by  no  means  novel; ^  nor  was  it  unflawed. 
For  our  purposes  it  is  Galileo's  treatment  of  the  balance 
situation  which  is  of  importance.  In  one  stroke  —  by 
treating  the  balance  arm  as  the  diameter  of  a  circle  — 
Galileo  was  able  to  unify  ths  treatment  of  motions  of  a 
balance,  of  balls  on  an  inclined  plane  and  of  free  all.  All 
of  which  physics  had  previously  treated  separately ,  this 
largely  because,  following  Aristotelian  principles,  the 
circumstances    were    all    given    differently    to  experience. 

To  give  some  feeling  for  Galileo's  project  let  me 
reproduce  his  treatment  of  how  the  speed  of  free  fail  relates 
to  the  speed  of  descent  of  the  same  object  on  an  inclined 
plane. 
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Galileo  represents  che  clrcumstai  e  geometrically,  with 
he  inclined  plane  at  a  tangent  to  the  circle  encompassing 
the  balance  arm.    He  addresses  the  problem  this  way: 


But  with  how  much  greater 
force  a  body  moves  on  EF  than 
on  GH  will  be  made  clear  as 
follows,  viz.  by  extending  line 
AD  beyond  the  circle  to 
intersect  line  GH  at  point  Q. 
Now  since  the  body  descends 
on  line  EF  more  readily  than 
on  GH  in  the  same  ratio  as  the 
body  is  heavier  at  point  D  that 
at  point  S,  and  since  it  is 
heavier  at  D  than  it  is  at  S  in 
proportion  as  line  DA  is  longer 
than  AP,  it  follows  that  the 
body  will  descend  on  line  EF 

more  readily  than  on  GH  in  proportion  as  line  DA  is  longer 
than  PA.  Therefore  speed  on  EF  will  bear  to  the  speed  on  GH 
the  same  ratio  as  the  line  DA  to  PA.  And  as  DA  is  to  PA,  so 
is  QS  to  SP,  i.e. ,  the  length  of  the  oblique  descent  to  the 
length  of  the  vertical  drop...  Consequently  the  same  body 
will  descend  vertically  with  greater  force  than  on  an 
inclined  plan  in  proportion  as  the  length  of  the  descent  on 
the  incline  is  greater  than  the  vertical  fall.^^ 
In  all  of  this  there  is  no  observation,  no  measurement,  no 
recording  of  time,  much  less  inductive  generalization  from 
numerous  instances.  It  is  a  theoretical  and  conceptual 
effort.  (Remember,  time  was  then  being  measured  by  the 
weight  of  water  flowing  from  a  container.) 

Galileo  in  an  historically  crucial  amendment  goes  on  to 

say: 

But  this  proof  must  be  understood  on  the  assumption 
that  there  is  no  accidental  resistance...  We  must 
assume  that  the  plane  is,  so  to  speak,  incorporeal 
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or,   at  least,   that   it  is  very  carefully  smoothed 
and  perfectly  hard  ...  And  the  moving  body  must  be 
perfectly  smooth,  of  a  shape  that  does  not  resist 
motion. . .    that   weights    suspended    from  a  balance 
make  right-angles  with  the  balance. 
Galileo   has   a    law  of  moments   which  was  conceptually 
arrived    at;    the    rrsult    of    what    Alex^indre    Koyre  called 
"thought  experiments".*^^     Galileo  recognizes  that  it  is  not 
true  of  actual  balances.     However  his  efforts  are  not  purely 
idealistic,  as  he  tries  to  enunciate  the  practical  conditions 
under   which   the   behavior   of    actual    bodies   would  come  to 
mirror  that  of  his  theoretical  object.     He  has  a  recognition 
that  scientific  laws  must  be  accompanied  by  a  statement  of 
caeteris  paribus  clauses.    Del  Monte  points  out  that  balances 
as  we  see  them  do  not  behave  according  to  Galileo's  law,  and, 
further,  his  conditions  of  applicability  of    the    law  could 
never   be   realized.      Consequently,   according   to  del  Monte, 
Calileo  errs  in  believing  his  sophisticated  mathematics  can 
do   double    duty    is    physics.      Physics   is   to   be   about  this 
V    \d,  not  an  imaginary  world. 

The  physical  concepts  —  force,  heaviness,  speed  —  are 
not  simple  givcns  of  experience  or  observation.  They  are 
intellectually  constructed  categories  which  are  applied  to 
the  world.  Further  his  diagrammatic  representation  with  its 
points,  lines  and  parallels  —  is  not  given  in  experience  but 
is  the  result  of  applying  mathematicc  to  the  manifold  of 
experience.  Galileo  knows  that  he  is  taking  liberty  with 
this  experience.  He  shocks  del  Monte  and  other  empiricist 
opponents  by  freely  admitting  that: 

for  the  purpose  of  these  proofs  I  am  assuming  as 
true  the  proposition  that  weights  suspended  from  a 
balance  make  right  angles  with  the  balance  —  a 
proposition  that  is  false,  since  the  weights, 
directed  as   they  are  to  the  center   [of   the  earth 
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and  universe]  are  convergent. 
Galileo's  De  Motu  physics  is  still  largely  medieval  in 
its  prol  Icms  and  style.     It  is  a  youthful  work  written  whilst 
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he  was  in  his  mid-twenties.  His  analytic  concepts  of  force 
and  heaviness  were  still  conceptually  confused*  Indeed 
"heaviness"  was  to  remain  to  the  end  an  unresolved  confusion 
—  he  never  freed  himself  from  the  Aristotelian  idea  that 
heaviness  was  a  measure  of  a  bcdy*s  desire  to  return  to  its 
natural  place,  the  center  of  the  earth, 

But  Galileo  in  large  measure  divorced  the  concepts  of 
science  from  the  immediate  everyday  concepts  of  common  sense 
so  characteristic  of  Aristotelian  science.  He  asks  his 
audience  to  imagine  that  the  wooden  plane  is  "incorporeal"! 
Nature  was  addressed  in  mathematical  terms,  and  her  answers 
read  by  calibrated  instruments  many  of  which  he  himself 
crafted.  His  mai:hematics  and  proto-theory  enabled  him  to 
ask  precise  questions;  questions  that  simply  dirt  not  occur  to 
those  unfamiliar  with  mathematics  or  to  those  who  eschewed 
its  application  to  physics.  Above  all  geometry  gave  Galileo 
the  plan  for  the  construction  of  experiments  and  the  criteria 
for  the  interpretation  of  results. 

Galileo's  experimentalism  consisted  in  constantly  trying 
to  perfect  the  actual  balance  in  the  direction  of  the  ideal 
balance.  The  relevcnt  variables  for  improvement  were  given 
by  the  mathematical  constructions  and  the  associated  physical 
theory.  They  were  itemised  in  the  caeteris  paribus  clauses. 
As  an  experimentor ,  and  a  tecnnician,  Galileo  strov-  to 
eliminate  progressively  more  sources  of  error. In  other 
words,  his  experiment  was  meant  to  be  theory  objectified,  the 
ideal  realised. 

In  contrast  to  Aristotle,  Hume,  and  modern  inductivists , 
the  Galilean  theoretical  starting  point  was  not  a  real 
object,  nor  observations  of  such,  rather  it  was  an 
intellectually  constructed,  ideal  object  —  a  scientific 
object  —  whose  salient  properties  were  then  imperfectly 
reproduced  in  experiments.  And  as  they  were  imperfectly 
reproduced,  so  also  were  they  imperfectly  tested  by 
experiment.  Galileo  was  not  u  naive  falsif icationiot .  A 
constant  refrain  is: 
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"I  admit  that  the  conclusions  demonstrated  in  the 
abstract  are  altered   in  the  concrete   ...  wc  must 
find   and   demonstrate   conclusions   abstracted  from 
the  impediments,   in  order  to  make  use  of  them  in 
practice   under    those    conditions    that  experience 
will  teach  us."^^ 
That  is,  Galileo's  laws  do  not  apply  to  the  behavior  of 
bodies    as    we    actually    see    them,     only    to    behavior  in 
rigorously  constrained   experimental  circumstances,    and  even 
then    only    imperfectly .       Conversely ,    one    well  constructed 
experiment  tells  us  all  we  need  to  know:     it  does  not  have  to 
be  repeated,  there  ii>  no  need  for  inductive  searches. 

The  account  of  experiment  here  developed  is  well 
illustrated  in  Galileo's  treatment  of  the  supposed  isochronic 

motion    of    pendulums.        I    have    dealt    with    the  subject 
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elsewhere.  Suffice  here  to  say  that  del  MonCe  knew  from 
experience  that  actual  pendulums  were  not  isochronic,  that 
the  weight  of  the  bob  did  effect  the  period  of  ossilation, 
and  that  whatever  approaches  to  isochronism  there  were  in 
long  pendulums  this  was  diminished  as  the  pendulum  length  was 
shortened.  In  other  words  the  law  of  isochronism,  so  central 
to  Galileo* s  mature  physics  —  his  proof  of  velocity  varying 
with  time  and  distance  with  time-squared  —  was  not  true  of 
actual     pendulums.  Such     failure     is     a     problem  for 

Aristotelians  and  empiricists  for  whom  the  real  and 
scientific  objects  are  conflated,  it  is  not  a  problem  for 
Galileo. 

Galileo's  account  of  the  pendulum  also  illustrates  the 
powerful ,  unifying  fupction  that  geometry  played  in  his 
physics.  By  depicting  the  pendulum  as  having  a  length  half 
that  of  the  balance  in  his  D£  Motu  diagrams,  he  was  able  to 
conceptually  unite  free  fall,  balance,  inclined  plane  and 
pendulum  motions 
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He  had  shown  that  If  velocity  or  free-fall  varied  with 
time,  then  in  inclined-plane  motion  the  terminal  velocities 
of  all  planes  of   the   same  vertical  heighth  were  the  same. 

The    velocity  ot 
ball  at    h,    C  and  D 
were  equal. 


Further  the  time  of  travel  was  proportional  to  the 
lengths  traversed 


time  AC 
time  AB 


AC 
AB 


In  an  inspired  and  difficult  move,  he  asked  how  far  the 
object  would  fall  in  free-fall  along  AB  whilst  a  similar 
object  was  traversing  the  incline  AC. 

This  was  given  by 
constructing  a  right  angle 
CD  to  intercept  the 
exte;»sion  of  AB  at  D. 
Thus  the  same  object 
travels  AD  in  the  time  it 

travels  AC.  » 

J)  i-' 

Because  ACD  was  a  right-angled  triaugl?  Galileo  knew  he 
could  construct  a  circle 
around  it  on  AD  as  diameter 
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But  then  all  chords  beginning  at  A  will  subtend  a  right 
angle  when  joined  to  D.  Thus  the  time  of  travel  along  .  1 
chords  in  a  circle  for  objects  dropped  and  rolled  from  A  is 
the  same. 

The  pendulum  circumstance  is  simply  this  diagram  turned 

around,  or  looked  at  from  another  perspective. 
Galileo  has  provea  that 

the  time  of  free  rravel 

alons  CD  and  ED  (and 

any  other  chore  to  I))  is 

the  same.    This  is  close 

to  the  law  of  isochronism. 

It  need  only  be 

established  that  if  time 

along  the  chords  are 
equal,  then  so  to  is  time 
along  the  corresponding 
arcs.    This  he  does. 

Having  shown  all  this  in  the  abstract^^  he  was  assured 
that  a  pendulum  suspended  at  0,  having  a  weightless  string 
and  a  bob  experiencing  no  air  resistence,  would  swing  through 
CD  and  ED  (and  any  other  smaller  arc)  in  the  same  time.  That 
actual  pendulums  did  not  do  so,  reflected  not  on  his  theory 
but  on  the  construction  of  the  pendulum. 

EL     SOME  PEDAGOGICAL  LESSONS 


The  elaboration  of  Galileo's  physics,  and  in  particular 
his  fashioning  of  the  mathematical-experimental  method, 
provides  the  occasion  for  canvassing  nuraerous  issues  in 
science  pedagogy:  the  role  of  historical  case  studies  in 
science  education;  the  cognitive  presuppositions  for 
understanding  and  embarking  upon  mathematical  science;  the 
appropriate  role  of  c.servation  and  observation  skills  in 
science;  should  curricula  reflect  the  logic  of  discovery  in 
science  or  the  logic  of  justification?;  the  influence  of 
science    in    other    areas    of    human    endeavor;    the   place  of 
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mathematics  in  science  education.  These  issues,  and  others 
besides,  can  all  in  some  way  be  illuminated  by  more  careful 
appreciation  of  the  Galilean  achievement  in  physics. 

I  wish  here  Co  make  only  a  limited  claim,  and  given  the 
tenor  of  my  argument  so  far,  perhaps  a  somewhat  surprising 
one:  let  children  be  good  Aristotelians  before  trying  to 
develop  them  as  modern  scientists.  As  Hegel  said  of 
philosophy,  so  also  of  mathematical  science:  let  it  take 
wing  at  dusk. 

It  took  the  human  race  many  thousands  ot  years  to  get  to 
the  situation  where  Galileo's  breakthrough  in  science  was 
possible,  it  took  the  genius  of  Galileo  a  life-time  to  make 
it.  One  should  not  serve  children  the  end  product,  rather 
let  them  learn  by  traversing  some  of  the  earlier  ground.  As 
weight-lifters  say  "no  pain  no  gain." 

Aristotle  was  a  great  observer  of  the  heavens  and  the 
earth.  To  look  at  nature  as  it  is  and  to  ask  questions  about 
it,  is  an  accomplishment  for  children.  There  is  not  much 
gain,  and  a  great  deal  of  loss,  when  children  are  taught  a 
model  of  the  solar  system  without  ever  looking  at  the  sky, 
without  being  able  to  recognize  a  planet  when  it  passes  above 
their  heads,  without  having  to  figure  out  for  themselves  why 
the  earth  could  be  spinning  and  moving  through  space  yet  we 
not  fly  off  it,  and  why  balls  dropped,  from  towers  don't  fall 
miles  away. 

Galileo's  mathematisation  of  physics  required  enormous 
intellectual      and      conceptual      effort.  So     does  the 

understanding  of  his  achievement.  There  is  now  a  great  deal 
of  evidence  from  cognitive-developmental  studies  that  shows 
that  children,  and  indeed  university  students,  do  not  have 
the  intellectual  resources  to  master  such  material. 
Without  it,  their  repetition  of  mathematical  formulae  and 
conceptual  definitions  becomes  mere  parrot-talk.  They  may  as 
well  learn  a  shaman's  incantations. 

The  great  bulk  of  science  teaching  results  in  children 
(and  university  students)  falling  between  two  stools.  They 
don't  have  the  interest  in,  and  appreciation  of,  nature  that 
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Aristotle  with  his  purposive  metaphysics  and  his  ceaseless 
observation  and  cataloguing  of  the  plant  ana  animal  worlds 
developed."'  Nor  do  they  develop  the  sense  of  wonder  and 
excitement  that  Galileo  felt  when  he  realized  that  when 
material      specifics     were      abstracted,      the     world  was 

O  1 

fundamentally  mathematical.  Aristotelian-like  nature  study 
gives  way    too    soon    to   Galilean-like  mathematical  science. 

If  science  education  is  done  slowly,  reflectively,  and 
in  keeping  with  the  interests  and  capacities  of  children, 
then  graduall)'  the  idea  of  an  idealised ,  experimental- 
mathematical  methodology  can  be  introduced.  The  common- 
experiment  can  be  the  occasion  for  stressing  the 
conceptual ,  creative  dimension  of  science ;  the  practical 
craft-skill  aspects  of  science;  the  instrumental-dependence 
of  measurement;  the  central  tension  betv:ecn  reason  anJ 
observation  in  the  development  of  science. 

The  fundamental  pedagogical  and  epistemological 
stumbling  block  is  that  scientific  lavs  do  not  describe  the 
behaviour  of  actual  bodies.  The  gas  laws-  inheritance 
laws,  Newton's  laws,  Piagetean  stages  etc.  —  ail  of  these 
describe  the  behaviour  of  ideal  bodies,  they  are  abstractions 
from  the  evidence  of  experience.  The  laws  are  true  only  when 
a  considerable  number  of  disturbing  factors  (itemised  in  the 
caeteris  paribus  clauses)  are  eliminated.  This  can  seldom  be 
done  (for  the  law  of  inertia,  by  definition  it  is  impossible 
to  eliminate  the  secondary  factors).  The  art  of 
experimentation  is  to  progressively  try  to  do  so. 

On  the  positive  side,  this  Galilean  idealisation  (the 
defining  characteristic  of  moaern,  non-Aristotelian  science) 
is  a  feature  of  all  cognition  and  language  use.  The  terms 
"democracy"  ,  "gross  national  product" ,  '*f  lower" ,  "triangle", 
"tree",  "good  person"  etc.  are  all  labels  that  apply  only 
imperfectly  to  any  actual,  concrete,  state  of  affairs.  In 
using  language  we  all  the  time  pick  out  essential  features  of 
a  situation  and  ignore  others:  we  abstract.  Consider  how  we 
use  the  word  "science"  itself.  Abstraction  is  a  feature  of 
all    cognition.       If    this    can   be    pointed    out    by  everyday 


examples,  then  students  can  be  progressively  prepared  for  the 
abstractions  of  mathematical  physics,  and  progressively 
weaned  from  the  constraining  Influence  of  empiricism. 


NOTES 

^Aristotle's  scientific  method  is  a  complex  matter.  For 
our  purposes  it  is  his  constant  stress  on  beginning  with 
observation  which  is  impo'-tant .  In  the  Posterior  Analytics, 
Bk.  II,  Ch.  13,  he  says 

To    resume    our    account    of    the    right    method  of 
investigation:    We  must  start  by  observing  a  set  of 
similar  —  i.e.  specifically  identical-individuals, 
and    consider   what    element    they   have    in  common. 
Science   here    begins    with    the    observation    of    actual  real 
objects,  in  thair  natural  state,  acting  as  they  do  standarly. 
Further    the    means    of    observation    is    the    unassisted,  and 
uninterfered  with,   eye.     The  mind,   or  nous,    then  finds  the 
common   essence   or   basic   principles    (archai)    of    the  given 
subject  matter. 
2 

See  Jurgen  Mittels trass,  "The  Galilean  Revolution:  the 
Historical  Fate  of  a  Methodological  Insight"  Studies  in  the 
History  and  Philosophy  of  Science  (1972),  2:297-328. 
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This  reproduces  his  conviction  of  forty  years  earlier 
expressed  in  a  letter  to  Belisario  Vinta  (1610)  that  he 
discovered: 

an    entirely    new    science    in    which    no    one  else 
ancient  or  modern  has  discovered  any  of  the  most 
remarkable    laws   which    I   demonstrate   to   exist  in 
both  natural  and  violent  movement. 
Stlllman  Drake,  Discoveries  and  Opinions  of  Galileo  (New 
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Progress  Publishers)  Vol.  Ill,  p.  347. 

^See  John  Dewey,  Essays  in  Experiuencal  Logic  (Chicago: 
University  of  Chicago  Press,  1916). 
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Press,  1968). 
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Louis  Althusser  and  Etienne  Balibar,  Reading  Capital 
(London:    New  Left  Books,  1970). 

^^Usually  associated  with  the  works  of  Jean  Piaget.  See 
elaboration  in  Ernst  von  Glasersfeld,  "An  Introduction  to 
Radical  Constructivism",  in  P.  Watzlowich  (ed.).  The  Invented 
Reality  (New  York:     Norton,  1984). 

^^A  useful  Marxist-inspired  commentary  on  Piaget  is  Marx 
Wartofsky,  "Piaget's  Genetic  Epistemology  and  the  Marxist 
Theory  of  Knowledge",  Revue  Internationale  de  Phi  lo  soph  le 
(1982)  pp.  470-508. 
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For  translations  of  his  mechanics,  and  claims  of  his 
preeminence  in  16th  century  mechanics,  see  S.  Drake  and  I.  E. 
Drabkin  (eds.)  Mechanics  in  Sixteenth-Century  Ital^r  (Madison: 
University  of  Wisconsin  Press,  1960). 
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Translated  in  L.  Fennl  and  G.  Bernardlni,  Galileo  and 
the  Scientific  Revolution  (New  York,  1961). 

^Srake  and  I.  E.  Drabkin  (eds . )  Mecharlcs  in 
Sixteenth-Century  Italy,  p.  278-79. 

^^Edmund  Husserl  in  1901  introduced  the  concept  of 
idealization  to  characterize  the  distinctiveness  of  Galilean 
physics.  See  his  Logical  Investigations  trans.  G.  N.  Findlay 
(New    York:        Humanities    Press,     1970) ,    pp.     450-1.  The 
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philosophical  import  of  the  notion  was  deveoped  in  his  The 
Crisis  of  European  Sciences  and  Transcendental  Phenomenology 
trans,  David  Carr  (Evanston:  Northwestern  University  Press, 
1970).  For  these  references  I  am  indebted  to  James  Garrison 
of    Virginia    Polytechnic    and    State    University.       See  his 

"Husserl,  Galileo  and  the  Procebties  of  Idealization," 
Synthese  (1986),  66:329-38. 

Further  development  of  the  notion  of  idealitaticn  in 
science  occurs  with  the  Marxist  Poznan  group.  3ee 
particularly  L.  Nowak  The  Structure  of  Idealization  (Boston: 
Reidel,  1980).  And  essays  in  W.  Krajewski  (ed.)  Polish 
Essays  in  the  Philosophy  of  the  Natural  Sciences  (Boston: 
Reiael,  1982). 

^^Translated  in  I.  E.  Drabkii.  and  S.  Drake  Galileo 
Galilei  on  Motion  and  On  Mechanics.  De  Motu  was  never 
published  by  Galileo.  It  existed  as  a  preliminary  Dialogue 
and  then  a  complete,  twice-revised,  twenty-three  chapter 
Essay.  See  Raymond  Fredctte,  "Galileo's  D£  Motu  Antiquiora" 
Physis  (1972),  Jh4. 

^^For  Galileo,  Archimedes  was  "superhuman"  and  he  never 
mentioned  his  name  "without  a  feeling  of  awe"  (De  Motu,  p. 
67). 
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E.  J.  Dijksterhius  regards  the  work  as  "closely  akin 
to  the  Paris  Terminists"  —  The  Mechanization  of  the  World 
Picture  (Oxford:  Oxford  University  Press,  1961),  p.  334. 
This  view  is  shared  by  Dudley  Shapere  -  Galileo:  A 
Philosophical  Study  (Chicago:  University  Chicago  Press, 
1974),  p.  78. 

^^De  Motu  p.  64-5. 
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(Hassockp:    Harvester  P'-iSS,  1978). 

^^De  Motu  p.  67. 


-590 


2%chard  S.  West  fall,  "The  Problem  of  Korcc  in 
Galileo's  Physics,"  in  C.  L.  Golino  (ed.)  Galileo  Reappraised 
(Berkeley:    University  of  California  Press,  1966). 

^^Northern  Italy  at  the  end  of  the  sixteenth  century  was 
the  centre  of  a  major  transformation  in  craft  skills  and 
technical  innovation.  Galileo  contributed  to  this.  He  was  a 
pioneer  in  the  theory  and  construction  of  the  most  important 
new  scientific  instruments  of  the  time :  balances , 
proportional  compasses ,  clock  mechanisms ,  thermoscopes, 
microscopes,  and,  of  course,  his  world-view-changing 
telescope.  See  Silvio  A.  Bedini ,  "Galileo  and  Scientific 
Instrumentation",  in  W.  A.  Wallace  (ed.)  Reinterpreting 
Galileo    (Washington:        Catholic    University    Press,     1986) . 

These  instruments,  as  with  all  s*-ientific  instruments, 
made  sense  only  in  the  light  of  the  theory  by  which  they  were 
constructed.  Thus  Bachelard's  comment  that  "the  instrument 
of  physics  is  a  realized,  concretized  theory,  rational  in 
essence"  (The  Philosophy  of  No,  p.  21) . 

25 

On  these  aspects  of  Galileo's  methodology  bee  Noretta 
Koertge,"  Galileo  and  the  Problem  of  Accidents,"  Journal  of 
the  History  of  Ideas  (1977),  36:  389-409.  Also  Ernan 
HcIIullin,  "Galilean  Idealization",  Studies  in  the  History  and 
Philosophy  of  Science  (1985),  16:  347-73. 
26 

Stillman  Drahe  (trans.).  Two  New  Sciences  (Madison: 
University  of  Wisconsin  Press,  1974),  p.  223. 

^^"Galileo's  Pendulum  and  the  Objects  of  Science", 
Philosophy  of  Education  (Proceedings  of  the  American 
Philosophy  of  Education  Society),  1987. 

28 

The  process  whereby  Galileo  arrived  at  these 
conclusions  was  not  as  clear-cu..  as  here  indicated.  He  first 
thougnt  that  velocity  of  fall  varied  as  density,  and  he  also 
thought  it  varied  with  distance.  These  views  were  only 
slowly  rectified.  See  Ronald  Naylor,  "Galileo's  Theory  of 
Motion:  Proceses  of  Conceptual  Change  in  the  Period 
1604-10",  Annals  of  Science  (1977),  34;  365-92. 
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^^t.  L.  Chiappetta,  *'A  Review  of  Piagetian  Studies 
Relevant  to  Science  Instruction  at  the  Secondary  and  College 
Level",  Science  Education  (1976),  60:  (2). 

30 

A  sense  of  the  Aristotelian  appreciation  of  nature  is 
given  in  his  Parts  ot  Animals  Bk.  1  ch.  5. 

Having  already  treated  of  the  celestial  world... 
...  we  proceed  to  treat  of  animals,  without  omitting,  to 
the   best    of   our  ability,    any  member  of   the  kingdom, 
however  ignorable.  .  .  .  for  each  and  all  will  reveal  to 
us  something  natural  ana  something  beautiful. 
31 

Thus  Galileo's  famous  metaphor  of  the  Sook  of  Nature 
being     written     in     mathematical     symbols     and     his  claim 
(following    Plato)    that    a    person    ignorant    of  mathematics 
cannot   hope  to  understand  nature;   that  is,  be  a  scientist. 
32 

A  point  developed  at  lenght  by  Nancy  Cartwright  in  her 
How  the  Laws  of  Physics  Lie  (Oxford:  Clarendon  Press,  1983). 
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COMMON  SENSE  KNOWLEDGE  VERSUS  SCIENTIFIC  KNOWLEDGE: 
THE  CASE  OF  PRESSURE,  WEIGHT  AND  GRAVITY 


Michela  Mayer 

Centro  Europeo  dell *Educaz lone  -  Frascatl 
Unlverslta*  dl  Roma  La  Saplenza  *  Italia 

Introduction 

The  majority  of  researches  on  alternative  frameworks  and 
common  sense  knowledge  points  out  the  analogies  that  can  be 
elicited  between  the  common  way  and  the  scientific  way  of 
giving  meaning  to  reality.  At  the  same  time,  however,  also 
differences  are  mentioned  and  the  need  for  a  "conceptual 
change"  In  scientific  learning  Is  stressed. 

The  aim  of  this  work  Is  to  recognize  both  analogies  and 
differences,  and  to  discuss  differences  manly,  between  common 
sense  knowledge  and  scientific  knowledge,  firstly  from  a 
general  point  of  view,  secondly  by  reporting  the  experience 
gained  In  a  specific  context. 

Scientific  knowledge  and  common  sense  knowledge:  some  general 
considerations 

In  1938,  Bachelard  pointed  out  that,  both  from  the 
historical  and  the  Individual  point  of  view,  scientific 
kn./wledge  Is  built  up  through  a  progressive  differentiation 
from  common  sense  and  therefore  by  overcoming  the 
"eplstemological  obstacles". 

"Une  experience  sclentlflque  est  alors 
line  experience  q^,!  contredlt  Inexperience 
cocBQune. . .  .elle  manque  de  cette 
perspective  d*erreurs  rectlf 16es  qui 
characterise  la  pensee  sclentlflque." 
(Bachelard,  1938) 
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Overcoming  does  not  mean.  In  Bachelard' s  rationale,  to 
remove  obstacles  but  to  Include  them  In  an  "eplstemo log leal 
profile"  (Bachelard,  19A0)  which  Is  typical  both  of  the 
specific  concept  and  of  individual  thinking. 

What  is  changing,  in  the  different  parts  of  the  profile, 
are  the  experiences  and  the  '^theories"  used  to  give  meaning 
to  the  experiences.  In  general,  the  differences  in  "game 
rules"  used  in  the  different  stages  of  the  profile,  which 
generates  the  obstacles,  remains  implicit.  But  what  are  the 
rules  of  common  sense  knowledge?  Carlo  Glnzburg,  an  Italian 
historian,  proposed  for  human  sciences  a  "circumstantial 
paradigm"  (1979),  versus  the  "Galllelan  paradigm",  typical  of 
natural  sciences.  In  a  "circumstantial  paradigm"  what  matters 
are  the  differences,  and  not  the  analogies.  The  same  happens 
in  life,  and  in  common  sense  knowledge.  Small  differences, 
small  "signs",  enable  Sherlock  Holmes  to  solve  the  enigma;  or 
Frate  Gugllelmo  in  Uraberto  Eco's  "The  Name  of  the  Rose"  to 
describe  the  Abbott's  horse  without  having  seen  it;  or  the 
wise  farmer  to  forecast  weather. 

On  the  contrary,  natural  sciences  follow  the  Galllelan 
paradigm  and  aim  at  simplicity,  coherence  and  generalization. 
The  results  they  get,  with  these  "eplstcmologlcal 
committments"  (Hewson,  1985)  are  fundamental  but  they  concern 
only  relatively  small  portions  of  reality.  As  reality  is  a 
complex  matter,  to  apply  the  rules  of  science  to  know  it 
means  to  simplify  it.  It  is  like  intersecting  a  complex  n- 
dimensional  solid  with  a  plane:  what  we  obtain  is  only  a  very 
"special  representation"  of  the  solid.  If  we  use  different 
planes,  every  section  corresponds  to  a  different  discipline 
or  to  a  different  part  of  a  discipline,  a  different  level  of 
reality,  with  its  own  "facts",  "theories",  and  "rules". 

Common  sense  knowledge  Itself  corresponds  to  a  level  of 
reality.  But  the  surface  representl.ig  it  is  not  a  plane  but  a 
complex  surface:  nearer  to  reality  for  some  aspects,  but  more 
Idyoslncratlc  and  difficult  to  define  than  scientific 
knowledge . 
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In  order  to  pass  from  a  level  of  reality  to  another,  and 
then  from  common  sense  knowledge  to  scientific  knowledge,  a 
change  of  tue  system  of  rules  is  necessary. 

Following  Russel  and  Whitehead,  this  kind  of  change 
belongs  to  a  different  logical  type  compared  with  a  change 
which  takes  place  within  the  rules.  The  latter  is  called  by 
Watzlawick  and  others  (1975)  a  "change-1",  the  former  a 
••change-2".  Watzlawick  suggests  the  following  example  of  a 
••change-2'':  nine  points,  arranged  as  in  the  figure,  have  to 
be  connected  with  four  consecutive  straight  lines. 

•  •  • 

•  ♦  • 

•  •  • 

figure  1 

As  Watzlawick  pointed  out.  the  solution  can  be  found 
only  by  considering  the  problem  hypotheses  and  rules, 
including  the  "tacit"  and  "implicit"  rules  and  taking  a 
decision  about  their  pertinence.  In  the  previous  example,  the 
rule: 

"the  four  straight  lines  have  to  be  drawn  inside    the  square 
defined  by  the  nine  points" 

is  a  very  common  "tacit"  rule,  which  is  not  set  by  the 
problem  itself,  and  could  become  an  obstacle  in  finding  a 
solution. 

Change-2  is  a  kind  of  change  which  enables  us  to  pass 
from  a  system  of  rules  to  another,  from  a  level  of  reality  to 
another . 

According  to  Bateson  and  Watzlawick,  learning  is  linked 
to  these  two  different  kinds  of  change.  Bateson  (1972) 
recognizes  different  kinds  of  learning:  leaming-1  that 
corresponds  to  rote-learnins;    leaming-2  that  corresponds  to 
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meaningful  learning  but  without  any  meta-cognition  of  the 
game-rules;  and  learning-3  ,  where  the  meaningful  learning 
goes  together  with  the  awareness  of  both  game-rules  and  the 
particular  point  of  view  generating  such  rules.  In  order  to 
pass  from  one  kind  of  learning  to  the  other,  a  change-2  is 
required. 

In  this  perspective,  looking  at  common  science  knowledge 
(a  general  system  of  rules)  from  the  point  of  view  of  science 
(a    different    and    more  defined  system  of  rules),    aiming  at 
understanding  the  former,    will  be  an  unsuccessful  strategy. 
Instead,  looking  separately  at  both  levels  of  reality  enables 
us  to  perceive  different  rules  and  schemata.  Asking  a  pupil's 
opinion    about    a  single  fact,    or  a  single  isolated  concept, 
like  pressure  or  gravity  for  instance,  could  hide  the  complex 
network,    the  conceptual  map  which  lies    behind,    or  around, 
every  concept.    In  fact,  differences  can  be  found  not  only  in 
specific  concepts,    or  in  broader    conceptions,    but    in  the 
conceptual    networks,      in    different    relationships  between 
different  facts  established  by  different  theories. 
Design  of  the  research  and  first  general  results 

With  this  rationale  in  mind,  the  research  I  carried  out 
in  the  course  of  three  years  foresaw  a  qualitative  analysis 
of  different  conceptual  maps  in  scientific  and  in  common 
sense  knowledge,  and  a  quantitative  analysis  of  these 
differences  within  a  group  of  students  from  secondary  school. 
On  the  qualitative  side,  for  every  concept  or  group  of 
concepts,  taken  into  account,  I  compared  a  "scientific" 
conceptual  map  with  a  "common  sense  knowledge"  map. 
Obviously,  these  maps  are  .not  "individual"  maps  but  general 
maps  derived  the  one  from  the  history  of  science  and  current: 
text  book,  and  the  other  from  previous  researches  using 
individual  or  group  interviews. 

On  the  quantitative  side,  the  research  aimed  at 
comparing  the  scientific  knowledge  acquired  after  a  two  or 
three  years  physics  course,    in  different  types  of  secondary 
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schools »  with  the  knowledge  pupils  have  before  physics 
teaching* 

Pive  physics  "topics"  were  explored:  three  of  them 
linked  to  the  curricula  -"Inertia",  "Force",  "  Electric 
Circuits"  -  and  two  derived  from  common  sense  problems  - 
"Light  and  vision",  "Pressure,  Weight  and  Gravity". 

On  these  five  topics,  and  their  respective  conceptual 
maps,  five  questionnaires  were  built  in  two  different  forms 
suitable  to  be  /administered  before  and  after  the  physics 
course • 

The  questionnaires  consisted  of  free  answer  questions, 
mostly  concerning  ^'he  meaning  students  give  to  basic  words 
used,  and  multiple  choice  questions,  asking  also  for  an 
explanation  of  the  answers. 

The  whole  sample  consisted  ot  600  secondary  school 
students,  aged  from  lA  to  18  years,  and  coming  from  three 
types  of  secondary  school  (humanistic,  scientific  and 
technical). 

Since  not  all  the  students  were  asked  to  answer  all  the 
questionnaires »  we  have  different  samples  for  the  five 
different  topics.  Besides,  the  pre- instructional  and  the 
post- instructional  forms  are  designed  to  be  very  similar  in 
order  to  allow  a  comparison  between  the  answers. 

Table  1  shows  the  results  obtained  for  th?  three  topics 
Inertia  (I),  Force  (F)  and  Pressure,  Weight  and  Gravity  (F) 
(1  refers  to  the  pre- instructional  form,  2  refers  to  the 
post-instructional  form,  no  number  refers  to  common  items). 

Every  scientific  answer  -  supported  by  a  correct 
explanation  -  scored  1  point.  The  value  of  mean  x,  and  the 
standard  deviation  a,  compared  with  the  number  of  items,  show 
how  difficult  it  is  to  master  a  coherent  and  meaningful 
scientific  view  of  reality,  even  after  a  physics  course. 
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Table  1  -  Results  of  I, F  and  P  questionnaires 


11 

12  I 

Fl 

Fl 

F 

PI 

P2 

P 

Nu:aber  of  students  174 

195  369 

282 

263 

544 

229 

289 

518 

Number  of  items  12 

28  12 

20 

23 

20 

20 

19 

18 

Mean  3.01 

1136  4.05 

634 

9.44 

7.45 

532 

6JB0 

5JS1 

Standard  deviatior  IS5 

4.44  136 

2.41 

3.72 

3.11 

230 

3.60 

Cronbach  a  ^^^S 

.7^7  .642 

.719 

.637 

330 

.766 

.741 

In  Table  2  the  results  of  the  Analysis  of  Variance, 
calculated  for  different  variables  gathered  by  means  of  a 
background  questionnaire,  are  shown.  It  is  easy  to  observe 
thft  differences  in  sex  ard  time  spent  on  the  task  are  more 
significant  in  Inertia  and  Force  questionnaires  than  in  the 
Pressure  qu<i8tionnai're. 

On  the  contrary,  father  instruction  and  mother 
instruction  are  more  significant  in  the  Pressure  and  Gravity 
questionnaire.  The  same  result  occurs  in  the  Light 
questionnaire.  It  therefore  seems  that  perfo.rmances  in 
questionnaires  more  linked  to  "common  sense  knowledge**  are 
less  dependent  on  sex  and  time  spent  in  task,  and  more 
dependent  on  the  family's  level  of  culture.  Specific  teaching 
improves    this    performance,    as    it    emerges    from    the  high 
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•ignificance  of  the  variance  for  **y9i^r  of  course'*,  but  it 
will  not  cancel  thii  preexistent  difference. 


Table  2  -  Analysis  of  Variance 


Background  Variables 

I 

F 

P 

Sex 

.01 

.00001 

.05 

Year  of  course 

.00001 

.00001 

.00001 

Father's  instruction 

.08 

M 

.01 

Mother's  instruction 

.15 

M 

.04 

Further  education  choice 

.06 

.04 

.02 

Interest  on  Physics 

.02 

.0004 

.04 

Attitude  toward  science 

.14 

.02 

.01 

Time  spent 

.00001 

.0006 

.13 

In    the    following  I 
questionnaire  on  Pressure, 

will  present 
Weight  and 

in  some 
Gravity, 

detail  the 
and  some 

qualitative  and  quantitative  results. 

Pressure.  Weight  and  Gravity;  common  sense  knowledge 

Researches  carried  out  in  Italy  from  '  981  (Dupre'  et 
•1..  1981)  (Vicentini,  1982)  pointed  out  that  both  adults  and 
children  perceive  the  concepts  of  force  of  gravity  and  weight 
as  separate.  Furthermore,  people  often  assume  that  gravity 
«nd/or  weight  have  to  do  with  the  presence  of  the  air  and/or 
atmospheric  pressure. 

Other  researches  on  gravity  (Gunstone  and  White,  1981) 
«nd  on  foxces  (Watts  and  Zylbersrtain,  1981)  confirm  this 
tfisttnction  batween  gravity  and  weight,  together  with  a 
possible  connection  with  the  presence  of  air.  On  the  other 
end,  researches  on  pressure  and  on  atmospheric  pressure 
(Engel  and  Driver.  1981)  highlight  other  kinds  of 
difficulties  related  to  the  concept  of  vacuum. 
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The  results    of    these    researches    enable    to    infer  a 
"common  sense"  conceptual  map  like  as  shown  in    figure  2. 

In  this  map  different  possible  networks  can  be 
represented:  weight  may,  or  may  not,  be  considered  only  as  ? 
characteristic  property  of  bodies,  depending  on  the  quality 
and  the  quantity  of  matter,  and  therefore  be  confused  with 
the  concept  of  mass.  But  weight  may  be,  from  another  common 
sense  point  of  view,  correctly  defined  as  a  force, 
responsible  for  the  fall  of  bodies,  directed  downwards,  but 
having  nothing  to  do  with  gravity. 

Gravity,  in  its  turn,  is  not  a  common  word:  it  is  used 
at  school  and  sometimes  on  TV  but  with  no  clear  meaning. 
"Grave",  in  Galileo's  language,  is  a  body  that  can  fall; 
gravity  is  the  falling  down  property,  and  in  this  meaning 
air  and  fire,  that  don't  fall,  are  not  "gravity  liable".  They 
do  not  fall  and  "they  are  without  sensible  weight". 

Pressure  too  is  not  a  very  common  word,  and  is  used  in 
very  different  situations:  in  weathar  forecasting,  to 
indicate  the  "pressure  cooker",  for  water  pressure  in 
pipelines,  etc.  In  any  case,  what  is  in  general  clear  is  the 
presence  of  something  that  "presses"  and  that  involves,  in 
common  sense  knowledge,  a  "force".  For  the  atmospheric 
pressure,  this  force  is  seen  as  directed  only  downwards. 

"Vacuum"  and  "empty  space"  are  concepts  corresponding  in 
Italian  (just  as  in  Greek  and  Latin)  to  a  single  word- 
"vuoto".  This  "vuoto"  may  therefore  be,  in  common  sense 
knowledge,  an  "empty  space"  filled  with  ai. ,  or  a  real  and 
complete  "vacuum",  m  the  first  meaning  the  word  is  used  in 
everyday  life,  while  m  the  second  one  the  word  often 
describes  the  interplanetary  space,  where  the  concept  of  "no 
air"  is,  implicitly  or  explicitly,  linked  with  "no  gravity". 
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Pressure.  Walght  and  Gravity:  scientific  knowledge 

According  to  the  present  scientific  point  of  view,  many 
of  the  links  supposed  by  common  sense  are  seen  as  absurd:  the 
behaviour  of  gases,  and  then  air  and  air  pressure,  "belong 
to  a  different  physics  chapter"  than  weight  and  gravity. 
Pressure  is  often  introduced  in  textbooks  like  F/S  among 
mechanics  topics  and  by  the  fact  that  textbooks  often  deal 
only  a  ittle  with  hydrodynamic  and,  what  is  more  serious, 
with  thermodynamics,  the  fundamental  role  of  pressure  in 
fluids  is  in  general  disregarded.  Gravity  is  important  to 
explain  the  presence  and  the  density  of  Earth  and  planets 
atmosphere,  but  in  physics  textbooks  this  kind  of  links  are 
considered  as  irrelevant. 

The  map  in  figure  3  will  show  the  textbooks  principal 
network  (solid  lines)  and  some  other  possible  scientific 
links  (dotted  lines). 

The  present  scientific  knowledge  is  however  the  result 
of  historical  develc^^nent:  in  the  past,  opinions  about 
movement,  falling  bodies  and  vacuum  were  very  different  from 
today,  and  in  some  cases  very  similar  to  common  sense 
knowledge.  This  is  the  -se  of  the  "falling  down  of  hehvy 
bodies"  -  '*a  natural  notion"  that  needs  not  to  be  explained 
according  to  Aristotele  and  to  many  pupils-  the  lack  of 
weight  for  air  and  gases,  or,  if  vacuum  does  exist,  the 
absence  in  vacuum  of  both  air  and  force  of  gravity. 

It  is  important  to  be  aware  that,  in  the  past,  physics, 
like  astronomy,  was  a  cosmological  science,  and  its  principal 
aim  was  to  understand  the  structure  of  the  universe.  In  this 
view  vacuum  could  be  considered  as  impossible  because  in  it 

"the  up  will  not  differ  from  the  down...  and 
then  no  displacement  will  exist  anywhere" 
(Aristotele,  Physics,  IV). 

When,      in     Galileo's      times,      vacuum    became    to  be 
conceivable,  gri./ity,  and  then  the  "falling"  ^  -^.ture,  was 
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figure  3  -  Textbook  Conceptual  Map 


considered  as  a,  not  separable,  characteristic  of  bodies.  For 
this  reason  the  G?  ^ian  Inertia  principle  was  formulated 
only  for  bodies  moving  on  a  "horizontal  plane",  where 
falling  is  prevented,  and  when  extended  to  the  Universe,  it 
became  a  "circular"  Inertia.  Only  after  the  Gilbert  and 
Gassendi  hypothesis  of  an  analogy  between  magnetic  and 
gravitational  forces  (analogy  often  proposed  in  primary 
school  textbooks),  gravity  can  be  considered  like  an  external 
force,  and  the  inertial  motion  can  be  conceived  as  a 
rectilinear  one.  Neverthless  Gassendi  himself,  conjecturing 
about  the  existence  of  vacuum,  remarked  that  no  motion  and  no 
forces  would  be  possible  in  it,  because  a  body 

"with  no  cotitact  with  Earth,  and  with  no  other 
thing  in  the  world,  would  behave  as  if  the 
world,  the  Earth  and  its  center,  were  not 
existing  at  all..."  (Gassendi,  De  Motu,. 

In  this  case,  the  problem  of  conceiving  gravity  in  a 
vacuum  is  clearly  related  to  the  problem  of  conceiving  a 
"distance  action"  instead  of  a  "contact  action". 

In  conclusion  the  past  scientific  view  considered 
gravity  as  an  effect  (and  not  a  cause)  of  weight  of  bodies, 
and  linked  the  absence  of  air  to  the  absence  of  forces  and 
movements,  like  today's  common  sense  views. 

The  questionnaire;  the  meaning  of  the  concepts 

By  comparing  the  two  maps,  the  common  sense  map  and  the 
scientific  one,  it  is  easy  to  notice  a  lot  of  differences: 
some  arise  in  the  meaning  of  specific  concepts,  others  are 
differences  in  relationships  between  concepts. 

On  the  basis  of  these  differences,  a  questionnaire  was 
built,  using  questions  derived  from  other  researches,  when 
applicable  to  the  problem.  Using  free  and  multiple  choice 
answers,  together  with  explanations  the  pupils  gave,  it  was 
possible  to  check  the  hypothetical  common  sense  map 
previously    drawn,    to  find  other  not  foreseen  relationships, 
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and  have  an  idea  of  the  distribution  of  different  mental 
representations  in  the  sample  examined. 

At     the    beginning    of    the    questionnaire    four  '*free 
questions"  were  given: 
"what  is  pressure  for  you'*, 
"what  is  gravity" 
"what  do  you  mean  by  "weight"", 
"what  do  you    mean  by  "create  a  vacuum" 

Analysing  the  different  answers,  one  may  assign  some 
percentages  to  the  different  possibilities  foreseen  in  the 
map  drawn  in  figure  2. 

Threfore,  for  the  59%  of  pupils  before  and  the  A9Z  after 
a  physics  course^  pressure  is  simply  a  force;  the  F/S 
definition  is  shared  by  only  the  7Z  before  and  by  the  38% 
after  the  course,  but  references  to  the  fluids  and  to  the 
atmosphere  decrease  with  schooling. 

Many  answers  (20%  in  both  cases)  show  a  deep  confusion 
between  weight  and  mass.  For  25%,  the  weight  cf  bodies  is  a 
force  vith  no  relations,  or  with  erroneous  relations,  with 
gravity,  and  only  44%  after  the  physics  course  recognizes  the 
weight  as  an  effect  of  the  gravity. 

For  the  40%  of  pupils  before  teaching  and  the  24%  after, 
gravity  is  a  "force"  the  important  features  of  which  are: 

1)  either  "to  keep  the  objects  steady  on  the  ground,  without 
floating,  as  it  happens  on  other  planets",  being  directed 
"downwards"; 

2)  or  "to  keep  the  objects  floating"  or  "to  prevent  falling, 
for  example  to  prevent  the  falling  of  the  Moon  on  the  Earth". 

This  second  meaning  has  a  quite  reliable  source,  as  a 
girl  wrote  in  her  explanation:"  1  saw  it  on  the  TV  during  the 
Shuttle  launch...  With  the  engines  out,  the  rocket  was  kept 
in  orbit  by  gravity". 

The  36%  of  pupils  before,  and  the  42%  after  teaching, 
think  that  the  force  of  gravity  is  "typical  of  the  Earth"  and 
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often  directed  "downwards".  Only  the  21%  after  teaching 
extend  the  law  of  gravity  to  other  ^lanets  or  to  any  ccuple 
of  masses. 

Finally,  to  "create  a  vacuum",  a  sentence  that  in 
Italian  has  an  "everyday"  sound  and  meaning,  was  explained  by 
the  14%  of  pupils  before  teaching  as  "to  create  an  empty 
space",  empty  of  objects  but  filled  with  air.  The  65% 
interprete  it  just  as  "to  take  away  everything",  air 
included.  But  many  of  them,  as  it  has  been  possible  to 
establish  looking  at  othtr  answers  in  the  questionnaire,  by 
"everything"  mean  also  "forces  and  gravity".  Moreover,  some 
of  these  students  (with  a  percentage  increasing  with 
schooling,  11%  before  and  20%  after)  declare  this  belief 
explicitly: 

"to  take  air  out  of  a  given  space  means  that  the  objects  in 
this  space  will  float". 

The  conclusions  of  the  analysis  of  this  first  part  of  the 
questionnaire  are: 

-  scientific  definitions  are  difficult  to  remember,  and  to 
master.  Only  a  percentage  ranging  from  20%  before  to  40% 
after  a  physics  course  is  able  to  give  a  meaningful 
explanation  of  the  four  concepts  proposed; 

definitions  before  teaching  are  rich,  in  terms  of 
imagination  and  references  to  everyday  situations;  after 
teaching,  they  become  poor,  not  only  as  to  variety,  that 
would  be  obvious,  but  also  as  to  relationships  pupils  are 
able  to  establish  between  ^hese  definitions  and  examples  from 
everyday  life. 

Pressure  will  be  a  good  example:  the  school  teaching 
"selects"  between  different  spontaneous  definitions  the  one: 
P  «  F/S,  and  attached  it  to  a  few  examples  like  a  brick  on 
the  sand,  or  the  hydraulic  press.  Other  life  examples,  like 
"the  pressure  of  water  in  a  tube"  or  "the  pressure  of  air  in 
a  balloon",  with  their  important  scientific  features,  remain 
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neglacted,  because  they  don't  easily  fit  with  the  F/S 
definition. 


The  questionnaire;  main  factors  and  results 

The  two  questionnaires  on  Pressure,  Weight  and  Gravity 
consisted  respectively  of  20  and  19  items,  18  of  which  in 
comnon* 

A  Factor  Analysis  confirms  the  importance  of  different 
conceptual  factors,  some  of  them  related  to  single  concepts 
but  others,  more  significant,  concerning  the  relationships 
pupils  establish  between  concepts. 

The  analysis  pointed  out  the  importance  of  ideas 
students  have  about  air.  Even  after  teaching,  the  majority  of 
students  think  of  the  air  contained  in  the  classroom  as  if  it 
were  either  without  weight,  or  as  light  as  a  "feather",  it 
these  cases,  weight  and  pressure  are  different  things:  "air 
has  no  weight,  it  has  only  pressure"  writes  a  student. 

Pressure  itself  is  not  well  understood  even  by  students 
that  in  the  free  questions  gave  the  correct,  '  -^ventional 
answer:  F/S.  In  fact,  when  they  come  to  more  specific 
questions,  they  think  of  pressure  as  a  force  directed  only 
donwards  and  acting  on  an  horizontal  surface.  For  the  36Z, 
both  before  and  after  teaching,  a  balloon  kept  at  the  bottom 
of  ^  deep  swimming  pool  is  "flattened  by  the  water 
pressure.  If  the  pressure  will  become  too  high,  the  ballon 
will  "burst"  for  the  26%  of  students.  Also  when  pressure  is 
clearly  not  directed  downward,  as  when  the  ballon  bursts  in 
the  air,  for  more  than  UOZ  the  pressure  that  causes  the  burst 
is  external. 

The  most  important  factor  of  the  questionnaire,  that 
explains  the  15%  .f  variance,  is  givon  from  the  group  of 
items  about  "the  hole  in  the  Earth".  The  question  was  the 
same  proposed  by  Nussbaum  and  Novak  in  1976: 
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Interviewer  to  pupil t  Suppose  that 

■oiMontt  duQ  a  HoIa  m\\  ^y*m  w^t* 

through  the  e^rth  and  dropped  a 

Xv  * 

^ 

tock  into  It. 

1     •       ,  • ; 
\  '**»  ••.  ^»  * 

On  these  pictures  belov,  of  a  sake 

Wi'-:-::: 

believe  earth,  four  different  children 

(arb,c,  and  d)  drew  a  line  shoving  the 

way  4  rock  would  aove  as  it  falls. 

....Which  drawing  best  shows  what  tiould 

really  happen  to  the  rock?.... Why  do  you  think  so? 

figure  4 


Differences  were  introduced  which  had  already  been 
checked  and  discussed  in  researches  made  at  the  University  of 
Rome  (Dupre'  «t  al.  1981); 

-  only  one  of  the  paths  proposed  to  the  students  ends  in 
space; 

•  two  other  paths,  which  end  before  or  beyond  the  center, 
were  proposed; 

•  two  other  items  were  proposed  where  the  hole  does  not  pass 
through  the  center  and  is  drawn  "inclined"  or  "horizontal" 
with  respect  to  the  sheet.  For  these  two  latter  items  the 
students  have  to  draw  the  path  of  the  rock  themselves. 

The  percentages  of  answers  change  substantially  when  the 
position  of  thft  aole  changes  with  respect  to  the  sheet. 
The  results  are  shown  in  the  following  Table: 
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Vert,         Inclin.  Horiz. 

PI     P2     PI     l>2     PI  P2 
Categories  of  responses  '^^  %  % 


Goes  out  the  hole  or  stands 
(flat  Earth) 

Goes  through  the  Earth 
(geographically  spheric  Earth) 

Stops  in  the  Center 
(physically  spheric  Earth) 

Oscillateitf 
(scientific  scheme) 


17  8  2S  10  49  35 

24  11  40  35  14  8 

50  59  31  40  36  40 

1  18  1  15  .5  16 


Table  3  -  The  hole  in  the  Earth 
A  "flat  Earth  scheme" »  where  the  force  is  only  downward » 
becomes  more  frequent  when  the  hole  is  drawn  horizontally. 
Even  when  the  hole  is  only  inclined,  the  fact  that  at  the 
sane  time  it  does  not  go  through  the  center  enables  some  of 
the  students  to  formulate  a  difference  between  gravity  and 
weight: 

"gravity  attracts  the  rock  to  the  center »  whereas  weight 
pulls  it.  Since  the  hol^  does  not  go  through  the  center, 
gravity  will  not  act". 

A  "geographically  spheric  Earth  scheme"  is  particularly 
attractive  when  the  hole  is  inclined.  In  this  scheme,  bodies 
fall  toward  the  center  only  if  they  are  outside  the  Earth 
surface.  Inside  the  hole  the  bodies  fall  down  to  the  other 
sid^.  Often,  in  this  scheme,  the  cause  of  gravity  ia  ascribed 
to  air  pressure,  that  presses  from  outside  towards  the  Eartl 
surface. 

A  "physically  spheric  Earth"  rvcheme  is  the  most  popular, 
but  not  very  consistent.  About  20X  of  students  change  their 
ideas  when  the  position  of  the  hole  changes.  30X  before 
teaching  and  40X  after  remain  consistent  in  all  three  items. 
It  is  important  to  point  out  that  mastery  of  the  latter 
scheme  does  not  imply  mastery  of  the  concept  of  gravity.  The 
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cause  of  the  falling  toward  the  center  may  be,  in  fact,  the 
weight  or  the  air  pressure  or,  as  a  student  wrote  "the 
center  is  the  natural  place  for  heavy  bodies". 

A  "scientific  scheme",  where  inertia  is  taken  into 
account,  seems  to  be  very  consistent  but  it  is  understood 
only  by  very  few  students,  even  after  the  physics  course. 

It  has  to  be  noticed  that  school  teaching  sometimes 
leads  to  confusion:  pictures  in  textbooks >  maps  and  the  Earth 
globe  support  a  scheme  where  "high"  and  "down",  "vertical" 
and  "horizontal"  are  absolute,  and  not  relative,  concepts.  A 
very  good  student  answered  in  this  way  to  the  question  "Why 
does  the  Moon  not  fall  on  the  Earth?": 

"The  Moon  goes  round  the  Earth  on  a  horizontal  plane,  so 
if  it  fell  down,  it  would  fall  along  a  vertical  line  and 
would  not  impact  on  the  Earth,  but  would  be  lost  in  space". 

Another  very  significant  group  of  items  considered  what 
will  happen  in  the  absence  of  air.  The  examples  proposed 
were: 

*  an  astronaut  and  a  satellite  moving  around  the 
Earth; 

-  an  astronaut  on  the  Moon  leaving  a  wrench  (Watts 
and  Zylbersztain,  1981); 

-  an  object  on  a  scale  inside  a  jar  from  which  air 
is  taken  out  with  a  vacuum  pump  (Ruggiero  et  al., 
1985). 

Tha  questions  were:  "what  will  happen  with  gravity  (or 
with  falling  or  with  weight)  in  the  following  situations?" 

The  answers  show  that  about  5QZ  of  ^udents,  also  after 
a  physics  course,  think  that  "no  air"  implies  "no  gravity", 
and  some  of  them  add  that  air  pressure  is  responsible  for 
gravity.  The  percentage  decreases  with  schooling  for  what 
regards  the  relationship  ''no  air  -  no  weight":  even  after 
teaching,  the  30X  of  students  think  that  in  a  vacuum  th^re 
will  be  no  sensible  weight. 

The  falling  down  of  objects  is  even  less  related  to  the 


presence  of  the  eir.  Only  30%  before  and  20%  after  teaching 
think  that  without  air  objects  will  float  in  the  space. 

Comparing  the  percentages,  it  is  obvious  that  for  about 
the  20Z  of  students  the  falling  of  bodies  is  not  caused  by 
gravity  or  by  any  other  force,  but  is  a  kind  of  "natural 
mot ion" ♦ 

For  more  than  20X  of  students,  weight  and  gravity  are 
not  related  concepts,  and  in  the  absence  of  air  it  will  be 
possible  to  have  either. 

Conclusions 

The  common  sense  conceptual  map,  sketched  in  figure  2, 
has  been  verified  and  in  some  parts  completed  by  the  results 
of  the  questionnaire.  Clearly  there  emerges  ttie  complexity 
and  the  difficulty  in  defining  conceptual  hierarchies  at  the 
common  sense  level  in  comparison  with  the  scientific 
level. The  common  sense  map  represent  in  this  case  an  attempt 
to  ,-ive  meaning  to  many  concepts,  most  of  which  are  known 
only  through  the  informations  gathered  from  school  and  mass 
media. 

In  fact,  apart  from  the  basic  experience  of  the  falling 
of  bodies  and  the  carrying  of  weights.  Earth  sphericity,  air 
weight,  athmosperic  pressure  or  gravity,  are  all  words 
slightly  related  to  experience.  These  words  are  interpreted 
and  linked  together  in  order  to  find  a  meaning,  following 
some  basic  rules: 

-  similar  concepts  are  used  in  a  similar  way  in  language 
(then  weight  is  similar  to  mass,  empty  space  to  vacuum  -  at 
least  in  Italian  -  and  so  on),  but  at  the  same  time  different 
woris  must  have  some  differences  in  meaning  (then  weight  has 
to  be  different  from  the  force  of  gravity  ); 

-  new  concepts  have  to  fit  with  old  experiences:  then  "up*' 
and  'W,  "top"  and  "bottom"  have  a  clear  and  absolut.% 
meaning,  and  i,  is  difficult  to  pass  from  this  "cartesian 
frame  of  reference"  to  a  "spherical"  one; 


•  new  concepts  have  to  fit  in  old  theories,  even  if  they  are 
"tacit",  not  explicit,  common  sense  theories.  The  "no  air-no 
gravity"  fits  with  the  need  of  "contact  forces",  and  "gravity 
is  a  force  that  maintain  things  floating  in  orbit"  fits  with 
the  need  of  a  force  "to  hold  a  body". 

In  this  way,  also  scientific  information  are  interpreted 
from  a  common  sense  point  of  view,  and  supports  the 
alternative  frameworks. 

The  family  level  of  culture  has,  in  the  case  of 
Pressure,  Weight  and  Gravity,  a  special  importance  because 
parents,  more  than  teachers,  can  help  the  child  in  giving 
meaning  and  create  networks  for  the  information  he  receives 
from  every  day  life. 

As  it  is  well  known,  very  often  teachers  are  not  aware 
of  the  lot  of  information,  and  therefore  meaningful  concepts 
and  networks,  children  already  have  when  they  come  into  the 
classroom.  In  the  present  research,  teachers  were  asked  to 
anticipate  the  results  their  students  would  achieve  in  terms 
of  a  three  points  scale  of  difficulty: 

1.  low  difficulty  (more  than   70%   of    correct,  scientific, 
answers ) i 

2.  average    difficulty    (between    30Z   and  70Z  of  scientific 
answers ) ; 

3.  high  difficulty  (less  than  30%  of  scientific  answers). 

The  results  of  this  previ,io„  fro«  the  Pressure  and 
Gravity  questionnaire  are  reported  in  the  Table  A.  for  the  12 
classes  that  «iswertd    the  questionnaire  .fter  the  teaching. 

The  (+)  and  (-)  signs  mean  that  the  expected  difficulty 
was  wrong,  that  is  it  was  higl„r  (+).  or  lower  (-)  than  the 
real  performance. 

The  high  number  of  plus  and  minus  (more  than  50%  of 
teachers  previsions)  means  that  teachers  previsions  are 
substantially  different  from  students  performances.  Moreover, 
for  some  items  and  wme  teachers.  thr  ;ersu8  of  the 
difference  is  highly  significant.  as  assessed  by  the 
statistical  "sign  test". 
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Table  A  -  Expected  difficulty  end  actual  performance 
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It  is  interesting  to  note  that  teachers,  even  the  well 
prepared  and  active  teachers »  are  in  general  not  aware  of 
where  the  obstacles  come  from.  In  their  opinion  a  topic  which 
has  been  taught  is  easier  than  a  topic  which  has  not»  and 
they  don^t  take  into  account  the  obstacles  or  the  helps  in 
understanding  offered  by  common  sense  knowledge. 

This  kind  of  questionnaires  has  been  important,  and  w^ll 
be  important,  for  the  Italian  school,  in  that  they  will  allow 
teachers  to  face  the  problems  and  develop  an  awareness  of 
both  students*  game  rules,  and  thair  own  game  rules. 

Quoting  Baclvelard  again: 

"J*ai  scuvent  ete  frappe  du  fait  que 
les  professeurs  de  sciences,  plus  encore 
que  les  autres  si  c*est  possible,  ne 
comprennent  pas  qu*on  ne  conprenne  pas*., 
lis  n*ont  pas  reflechi  au  fait  que 
1* adolescent  arrive  dans  la  classe  de 
Physique  avec  des  connaisances  empiriques 
deja*  constituees;  il  s*agit  alors,  non 
pas  d'acquerir  une  culture  experiment ale, 
mais  bicn  de  changer  de  culture 
experiment-ale..."  (Eachelard,  1938) 
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Engagrment    in    Learning,    Resistance    to  Schooling: 
'  ome    Implications    of    Conceptual  Teaching. 
Margaret  McCasland 
Cornell  University 

The  following  joke  appeared  recently  in  the  Reader's  Digest.  "The 
high  school  science  class  was  checking  over  a  test  they  had 
taken.     Commenting  on  one  item,  the  teacher  remarked,  This 
question  was  designed  to  make  you  think!'     From  the  back  of  the 
class  came,  'Trick  question!    Trick  question.'  " 

I  use  this  joke  to  make  two  points.    The  first  is  a  point  about 
conceptual   understanding-oriented   curricula   (Pines   and  West, 
1986).     "Thinking"  (in  the  student-centerei  sense  of 
constructivist  or  generative  learning  theories)  may  not  be  a 
normal  part  of  most  classrooms.      A    conceptual  curricula  which 
values  the  students'  own  thoughts  may  be  perceived  by  at  least 
some  students  as  a  trick.    The  second  point  the  joke  raises  is 
"Which  students  are  most  likely  to  see  a  conceptual  curriculum  as 
a  trick:    the  goof-offs  in  the  back  row,  or  the  good  students  sitting 
up  front?"    Based  on  comments  made  by  researchers  at  the 
Special  Interest  Group  on  Cognitive  Structure  and  Conceptual 
Change  pre-session  at  AERA  in  April,  1987,  there  is  some 
resistance  to  conceptual  curricula  among  "bright"  students  in 
various  parts  of  the  globe.  These  academically-successful  students 
seem  to  (at  le  st  inirially)  resist  thinking  for  themselves  rather 
than  coming  up  with  the  (teacher-defined)  "right  answer ' 
However  this  paper  will  alsc  look  at  academically  less  successful 
students:  the  average  and  lower  irack  students.    These  are  the 
students  who  are  considered  "less  able"  or  less  interested  in 
school.      How  do  they  respond  to  a  conceptual  curriculum? 

In  order  to  compare  reactions  to  a  conceptual  curriculum  aw.Dss 
"ability"  groups.  I  did  an  informal  case  study  of  eighth  graders  in 
science  chsses  tracked  based  on  "ability."    (I  am  putting  "ability" 
in  quotes,  as  one  of  the  issues  I  think  conceptual  curricula  raise 
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is  the  definition  of  student  "ability."    Is  it  the  ability  to  do  well  in 
school,  by  arbitrary  criteria,  or  is  it  the  ability  to  understand 
concepts  and  relate  them  to  everyday  life?)    I  wanted  to  observe 
8th  or  9th  graders  because  middle  school  is  the  last  point  at  which 
students  in  different  tracks  might  get  the  same  material.     In  some 
schools,  students  start  getting  different  curricula  as  early  as 
elementary  school,  especially  with  "enriched"  classes  for  "gifted" 
students. 

The  teacher  I  observed  works  in  a  small  rural  school  with  a 
strong  commitment  to  science  and  to  the  education  of  all  its 
students.    He  taught  science  to  7th  and  8th  i',radcrs  on  all  track 
levels.     Many  writers  have  described  ways  tiia:  teachers 
differentially  treat  students  in  various  tracks  (see  Anyon.1983: 
Contreras  and  Lee.  1987;    Goodlad,  1984;    Kcddie,  1977,  Kilboum. 
1986;    and  Oakcs,  1985.).    Because  this  teacher  wo'tld  be  using  the 
same  material  in  all  five  8th  grade  classes,  any  differences 
between  how  he  handled  the  classes  should  be  even  more 
obvious. 

A.    THE  CURRICULUM 

My  case  study  focussed  on  an  unpublished  unit  about  the 
particulate  nature  of  matter  based  on  Joseph  Nussbaum's  work, 
which  the  teacher  (Douglas  Larison)  had  access  to  through 
contacts  at  Cornell.    While  the  unit  was  designed  for  use  with 
sixth   graders  (Nussbaum,  personal  communication,    1987),  the 
content  is  standard  8th  grade  material.    The  unit  is  a  general 
introduction   to   particle   theory  which   emphasizes  observable 
characteristics  of  solids,  liquids  and  gases,  supplemented  with 
visualization  techniques  (pretending  to  wear  special  goggles)  to 
help  conceptualize  particles  too  small  to  sec.  There  is  no  mention 
of  atoms  or  molecules  or  atomic  theory.    As  taught  by  Mr.  Larison, 
the  unit  took  approximately  four  weeks  to  comple       Classes  were 
held  for  about  40  minutes  per  day.  five  days  per  week. 
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Changes  of  state  were  not  explicitly  addressed  during  the  month- 
long  introduction  to     particle  theory,  but  my  clinical  interview 
included  several  questions  regarding  changes  of  state  in  water  as 
a  way  of  probing  the  students'  ability  to  apply  their 
understanding  of  panicle  theory  to  new  material. 


B.   THE  CASE  STUDY. 


Before  designing  the  clinical  interview.  I  observed  one  of  the 
first  lessons  in  the  unit  being  taught  to  three  of  the  five  classes. 
The  first  period  class  was  considered  the  advanced  group,  the 
second  period  class  was  average,  the  third  was  remed^il.  the 
fourth  was  average  (but  considered  a  "difficult**  class),  and  the 
fifth  class-  was  also  avrrage.    The  first  day  I  observed  the 
advanced  and  two  average  groups.    I  was  very  pleasantly 
surprised  to  note  nearly  no  differences  in  the  way  the  teacher 
handled  the  classes  or  in  the  content  he  gave  them.  He 
commented  later  that  he  can  move  a  little  faster  with  advanced 
class,  but  consciously  tries  lo  give  all  groups  the  ^^mc  material. 
(Larison.   personal   communication.  1985.; 

The  major  difference  I  noticed  between  the  classes  \  how 
the  students  responded  to  a  conceptual  curriculum.     A.  long  the 
academically  more  successful  students  (the  "advanced"  class), 
there  seemed  to  be  a  resistance  to  expressing  lurir  own  thoughts, 
which  contrasted  with  a  surprising  willingness  to  express  their 
own  ideas  among  the  average  classes.    I  therefore  designed  the 
rest  of  my  study  so  that  I  could  compare  students  in  different 
tracks  in  tci   ^  of  their 

1.  engagement  with  a  conceptual  curriculum 

2.  engagement  with  schooling  in  general 

3.  understanding  of  ihe  content 

4.  test  performance 

To  further  check  my  initial  observations  of  differences  in  how 
students  in  different  tracks  respond  to  the  same  conceptually- 
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oriented  material.  I  observed  all  five  classes  during  a  lesson 
towards  the  end  of  the  unit.    I  also  returned  the  week  after  the 
unit  ended  to  conduct  clinical  interviews  and  administer  a  brief 
written  questionnaire. 

As  indicators  of  student  understanding  of  the  content.  I 
conducted  clinical  interviews  with  2-4  students  from  each  class 
(which  ranged  in  size  from  8-15  students)  a  week  after  the  unit 
was  completed.     The  students  names  were  drawn  randomly, 
alternately  from  a  pool  of  males  and  a  pool  of  females.     At  the 
start  of  the  interview,  the  students  were  given  a  paper  with  three 
nasks  drawn  on  it  and  were  asked  to  "make  a  conceptual  drawing 
of  each  nask  to  show  what  the  particles  in  it  would  look  like  if 
you  were  wearing  "special  goggles"  to  make  the  particles  visible." 
There  were  three  actual  flasks  on  the  table  which  matched  the 
conditions  the  drawing  was  to  represent:  an  open  flask  with  just 
air.  an  open  flask  with  water,  and  a  closed  flask  which 
(supposedly)  had  all  the  air  pumped  out.    This  task  was  similar  to 
an  exercise  they  had  had  in  class.    The  students  were  then  asked 
to  explain  their  drawings.    This  was  followed  by  a  discussion  of 
changes  of  state  in  water  (what  would  happen  to  water  in  (he 
open  flask  was  discussed  as  a  probe  re:  evaporation,  and  frost  on 
car  windows  as  a  probe  re:  condensation).    The  discussion  of 
changes  of  state  in  water  (which  had  not  yet  been  covered  in 
class)  was  included  as  a  way  of  checking  understanding  because 
ths  students  should  have  had  experience  with  it  in  everyday  life, 
but  .vould  not  be  feeding  me  material  from  the  teacher.  In  some  ' 
interviews,  students  were  also  asked  epistemological  questions 
about  "the  world  of  science"  and  "the  real  world." 

At  the  end  of  the  interview.  I  had  each  student  fill  out  a  very 
brief  questionnaire.     In  order  to  investigate  siudcni  engagement 
with   a  conceptual  curriculum   and  engagement  with  schooling  ,„ 
general,     the  questionnaire  asked  students  to  rate  how 
comfortable  they  felt  with  components  of  a  conceptual 
curriculum  as  well  as  more  standard  clas.sroom  activities.     It  also 
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asked  how  much  time  they  spent  on  school  work  outside  of  class, 
and  where  they  did  most  of  their  studying.  In  addition,  I  asked  the 
teacher  to  rate  each  student  for  overall  "willingness"  to  engage 
in  schooling,  not  just  during  this  unit,  on  a  rough  scale  of  1-10. 

As  indicators  of  test  performance,  overall  unit  test  scores  and 
concept  maps  made  by  students  during  the  final  unit  test  were 
obtained  from  the  teacher  for  each  student  interviewed.     (In  this 
instance,  the  concept  maps  had  btcome  a  standard  pan  of 
classroom  testing,  with  all  the  negative  connotations  that  might 
bring.     This  will  be  briefly  discussed  later.) 

C.  COMMENTS  ON  THE  RESULTS 

1.      Classroom   observations:      engagement   with  a 
conceptual   curriculum.      As  noted  above,  during  the  first  set 
of  observations  the  first  period  class  (advanced)  had  the  most 
difficulty  expressing  their  own   thoughts   rather  than  reciting 
superficial  knowledge.     When  challenged  by  the  teache-  on  their 
persistent  use  of  terms  such  as  "molecule,"  students  admitted  they 
had  knew  that  particle  theory  had  to  do  with  mo!;cules  because 
they  "read  it  i.i  the  encyclopedia"  or  "my  older  sister  was 
explaining  it  to  me."    They  appeared  to  be  fishing  for  what  they 
thought  the  teacher  wanted  to  hear.     Statements  such  as  "a 
molecule  is  part  of  an  atom"  indicated  that  students' 
understanding  did  not  match  their  vocabulary. 

Students  in  the  2nd  period  class  (average)  appeared  to  be  quite 
engaged  with  thinking  about  questions  'aised  by  ti.;  teacher, 
such  as  "what  would  be  between  the  "iir  particles?"    They  had  a 
much  easier  time  than  the  advanced  class  using  terir<.;  such  as 
"nothing"  and  "space"  to  indicate  what  is  between  air  particles. 

During  this  class,  ti.e  test  ou  the  previous  unit  was  returned. 
The  teacher  commented  to  the  class  that  some  students  who 
seemed  to  at  least  partially  know  the  material  left  many  of  (he 
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short  essay  questions  completely  blank,  thus  losi'ig  the  chance 
for  any  credit.  He  later  commented  to  me  that  he  was  somewhat 
puzzled  by  students  who  turned  in  incomplete  exams  before  (he 
end  of  the  testing  period  when  he  knew  they  knew  some  of  the 
answers   (Larison,   personal  communication,  1985). 

During  this  first  set  of  observations,  an  interesting  contrast 
between  the  classes  was  noted  during  a  demonstration  of  air 
being  compressed  within  an  airtight  syringe.     The  teacher  did 
the  demonstration  under  water  so  that  any  escaping  air  could  be 
seen  as  bubbles.      When  he  asked  the  advanced  class  "What  did 
you  see?"  they  responded,  "Bubbles."    He  repeated  the 
demonstration  and  asked,  "See  bubbles  that  time?"    They  "read" 
the  teacher  correctly,  and  respoiided,  "no."  even  though  I 
observed  the  same  number  of  bubbles  boui  ti.  es.    When  (he 
average  classes  insisted  they  saw  bubbles  escaping  from  the 
syringe  and  were  not  so  willing  to  change  their  answer  based  on 
clues  from  the  teacher,  the  teacher  figured  out  they  were 
referring  to  small  bubbles  leaving  the  outside  surface  of  the 
syr  nge.     He  then  compressed  an  open  syringe  of  air  underwater, 
showing  that  many  large  bubbles  escaped  under  that 
circumstance.     The  willingness  of  the  advanced  students  to  feed 
"correct"  answers  to  the  teacher  may  have  kept  them  from 
understanding  the  point  of  the  demonstration  (air  has  empty 
space  between  particles  and  therefore  can  be  compressed  under 
pressure). 

During  the  second  set  of  observations,  held  three  weeks  later, 
some  similar  differences  were  notea  between  classes.     The  '  "son 
focused  on  whether  any  change  had  occurred  over  the  weekend 
in  a  flask  with  a  uiue  liquid  in  the  bottom  and  clear  water  on  the 
top.    During  a  lab  the  previous  Friday,  the  class  had  been  asked  to 
check  for  any  mixing  betv/een  the  two  liquids  after  a  10  minute 
interval  (none  had  been  observed).     Monday  morning  the  first 
period  class  (advanced)  was  asked  if  (he  materials  were  mixing. 
One  student  answered  yes.  they  were  starting  (o  mix.  but  hadn't 
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had  enough  time  on  Friday.    When  the  teacher  challenged  this 
(correct)  answer  and  asked.  "Maybe  I  screwed  up  on  Friday  and 
didn't  allow  enough  time?"  the  students  decided  the  liquids  were 
Ofli  mixing.     When  the  teacher  prompted  them  for  a  diffcrcn: 
answer,  ("Because  you're  not  jumping  out  of  your  chairs.  I 
suspect  you  didn't  sec  what  you  should  have."),  the  students 
siancd  saying  "Maybe  it  staned  mixing  a  little."    Because  the 
students  were  so  busy  second-guessing  the  teacher,  they  took  14 
minutes  deciding  whether  or  not  the  two  liquids  were  mixing. 
Only  one  student  asked  a  question  ("Are  particles  in  solids?"). 

In  contrast,  the  second  (average)  class  was  prompted  more 
directly  towards  the  right  answer.    Teacher  (T):  "Is  that  how  it 
look  d?'*   Student  (S):  "Son  of."     T:  "I  hope  not.  What  happened 
o\Ci  the  weekend?"      S:  "It  mixed;  it's  not  a  straight  line." 
(Because  the  teacher  hinted  diricuv  that  they  should  have  seen  a 
change.  I  didn't  get  to  sec  whether  these  students  would  have 
second-guessed  the  teacher  as  persistently  as  the  "advanced" 
class  did.)    After  5  minutes  of  discussion  regarding  how  two 
liquids  could  mix.  one  student  suggested.  "Maybe  it's  made  up  of 
panicles,  but  u  took  longer  to  move  (than  gases  do]?" 

The  third  class  (remedial)  got  to  me  point  quickly,  and  the 

teacher  did  not  challc-^ge  their  (correct)  responses.  In  this  class, 

the  teacher  explained  more  things  directly,  rather  than  trying  to 
elicit  answers  from  students. 


The  founh  class  (average,  but  considered  a  "difficult"  class  with 
iDts  of  discipline  problems)  quickly  got  to  the  essence  of  the 
lesson.  Si:    "It  son  of  like  mixed,  spread  out."    S2  immediately 
added:  "It's  got  panicles  in  it."    Later  the  teacher  asked:  "How 
come  wc  needed  more  time?"    S:    "Because  more  (panicles)  slowed 
mixing  down."    This  was  followed  by  a  discussion  (by  the 
students)  of  why  liquids  can't  be  compressed  as  easily  as  gases 
(too  many  particles;  not  enough  empty  space).       However,  the 
students  weren't  sure  if  water  had  empty  space  in  it  until  the 


teacher  explained  that  water  (like  gases)  had  panicles  and  empty 
space.     Mixed  in  with  this  apparently  productive  lesson  were 
quite  a  few  reprimands  when  students  didn't  seem  focused, 
including  sending  one  student  out  of  the  room. 

The  final  class  of  the  day  (average)  was  conducted  somewhat 
differently  from  the  earlier  lessons,  although  most  of  the 
changes  reflected  a  gradual  evolution  throughout  the  course  of 
the  day.    One  of  the  main  advantages  of  teaching  the  same 
material  to  multiple  classes  is  that  teachers  can  refine  their 
approach  based  on  feedback  from  the  students.    By  the  last  class, 
both  the  students  and  the  teacher  had  less  energy,  but  the 
teacher  also  understood  which  points  the  students  tended  to  be 
confused  about.     He  therefore  stojctured  the  discussion  more 
productively,   primarily   by   using   appropriate  advance 
organizers,  such  as  reviewing  a  previous  lab  (regarding  the 
mixing  of  two  gd^cs)  and  asking  whether  liquids  have  panicles 
before  askin-j  whether  the  two  liquids  had  changed  over  the 
weekend.     Also,  being  realistic,  a  class  meeting  after  lunch  was 
likely  to  have  heard  from  students  in  eariier  classes  that  the 
"correct"  answer  was  that  the  two  liquids  were  mixing 

In  general,  students  in  the  non-advanced  classes  seemed  more 
comfonable  asking  "stupid"  but  key  questions.     When  one  sf  lent 
in  the  last  class  said  to  draw  water  panicles  "right  tight."  another 
said  water  couldn't  have  moved  if  there  was  no  empty  space. 
Later,  another  student  asked  what  would  happen  if  you  breathed 
only  empty  space  (instead  of  air).     When  another  student  said. 
"Yeah,  how  can  there  be  nothing/'  lots  of  heads  nodded  in 
agreement.     While  there  were  still  aspects  of  panicle  theory 
these  students  v/ere  having  trouble  accepting,  they  seemed  to  be 
well  engaged  with  the  ceniral  ideas  relating  to  particle  theory. 

This  sori  of  lively  exchange  was  observed  in  all  tiic  classes  except 
Ihe  first  period  "advanced"  class,  which  had  spent  almost  half  ihc 
class  deciding  whether  the  two  liquids  had  mixed.    I'm  not  sure 
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they  would  have  dared  asked  so  basic  a  question  as  "How  can 
there  be  nothing?**  which  showed  the  others  students  were,  really 
thinking  about  one  of  the  main  implications  of  particle  theory 
that  there  are  spaces  between  the  particles  with  nothing  in  them 
The  clinical  interviews  gave  further  indications  that  many  of  the 
advanced  students  may  have  been  more  engaged  with  schooling, 
while  many  of  the  average  and  remedial  students  were  more 
engaged   with  learning. 

2.       Evaluation)    of   student  understanding. 

As  a  whole  the  advanced  students  did  better  then  the  other 
stadents  on  all  evaluation  criteria.     But  the  "spread"  between 
tracks  ivas  much  less  than  might  have  been  expected,  especially 
during  the  clinical  interviews. 

a.     Test  performance.       On  the  final  unit  tests,  most  students 
(11/17)  received  grades  between  73  and  86.    Only  2  students 
received  grades  below  70.  and  only  two  students  received  grades 
over  86  (see  Table  I).    When  averaging  the  results  by  class,  the 
remedial  class  was  not  very  different  from  .he  difficult  average 
class,  and  the  other  .wo  average  classes  were  between  them  and 
the  advanced  class.      Looking  at  the  individual  scores  shows  even 
greater  overlap  between  the  groups;  often  one  stuaent's  very 
high  or  very  low  score  brought  the  group's  average  up  or  down. 
[Results  of  individual  students  of  particular  interest  are  in 
boldf-^.e  in  Table  I.J 

I  rated  the  concept  maps  by  giving  po.''*'ive  points  for  concepts 
apparently   correctly   understood,   whether   they   were  "correctly" 
mapped  or  not.    In  m.^st  cases  this  corresponded  closely  with  the 
teacher's  grades,  where  points  were  taken  off  for  incorrect 
conceptual  relationships.     Most  of  the  discrepancies  between  my 
rating  and  the  teacher's  grading  occurred  with  students  who  had 
not  yet  mastered  tlie  technique  of  making  the  maps. 


TABLE  I 
EVALUATION  RESULTS 


unit 

test 

clinical  interview 

CLASS 

stud. 

cen. 

TEST 

MAP 

DRAW.  inter\iew 

# 

m/f 

% 

/1 3 

/3 

comments 

1 

1 

m 

1 J 

3 

water-;    part  NA 

2 

f 

85 

12 

2 

water  NA;  part  NA 

ADV. 

3 

f 

96 

12.5 

(2) 

no  interview 

9 

m 

86 

12.5 

3 

water      part  - 

10 

f 

o4 

1 1 
13 

I 

water      part  + 

AVERAGES 

87.5 

12.6 

2  2 

II 

4 

f 

75 

1 1 

z 

N\atwi  IN  A,  part  jna 

11 

m 

73 

10.5 

2 

water  NA;  part  NA 

AVE. 

12 

f 

92 

9.5 

water+j  part+/- 

AVERAGES 

80 

10  3 

2 

Ill 

5 

f 

70 

8.5 

I 

water  NA;  part  - 

6 

m 

78 

8.5 

1 

water  +;    part  +/- 

REM, 

13 

f 

58 

5.8 

1 

\vater+;  part+/- 

14 

m 

78 

10 

z 

water  NA;  part  ++ 

AVERAGES 

71 

8.2 

1.3 

IV 

7 

f 

78 

8 

2 

water  +;  part  +/- 

8 

m 

50 

NA 

2 

water+;  part+ 

A  V  E^. 

15 

m 

/  u 

0 

3 

water  +/-;  pan+/- 

difficult 

16 

m 

85 

5.8 

I 

watcr  NA;  part  NA 

AVERAGES 

71 

6.6 

2 

V 

17 

m 

86 

8.5 

2 

water  NA;  part  NA 

AVE. 

18 

f 

11 

12.5 

1 

water  NA;  part  NA 

AVERAGES 

81.5 

10.5 

1.5 

KEY 

ADV.  =  advanced 

AVE  .  =  average 

REM.   =  rem(!dial 

++  :  very  good  understanding 

+  :     good  unacrstanding 

+/-  :      partial  understanding 

-  :     poor  understanding 

NA:    not  available  (usually  due  to  time  limits; 

water:     changes  of  .state  of  water  (everyday  in.stances) 

part:   particle  theory  (explanation  of  conceptual  drawing) 
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b.     Clinical  interviews.      There  were  two  main  problems  wiih 
the  clinical  interviews:  their  subjective  nature,  and  their 
variability.     In  transcribing  the  tapes.  I  found  that  I  had  often 
"led"  the  students,  mostly  by  "putting  words  in  their  mouths" 
when  they  seemed  to  have  an  idea  but  lacked  the  vocabulary  to 
express  it.    The  variability  was  largely  due  to  time  pressures,  as 
the  same  content  didn't  get  covered  with  each  student.    (As  the 
study  was  a  preliminary  "fishing  expedition."  I  sometimes  started 
the  interview  with  the  cpistemological  questions,  in  order  to 
have  some  students  answer  each  type  of  question.)    I  did  not 
formally  code  the  interviews.    However  I  did  rate  the  students  on 
a  four  point  scale  for  their  explanations  of  their  conceptual 
drawings,  abbreviated  "part."  on  Table  I.    I  used  the  same  scale  to 
rate  students'  understanding  of  changes  of  state  in  water,  abbre- 
viated "water." 

The  main  advantage  of  the  clinical  interviews  was  that  I  was  able 
10  probe  students'  understanding  in  ways  which  did  not  come  out 
with  any  othe.-  technique.     The  interviews  clrarly  pointed  up  the 
inadequacy  of  conventional  ways  of  assessing  students'  "mastery" 
of  content.    For  example.  Student  1  (advanced  class)  seemed  to 
have  a  good  grasp  of  the  material  from  his  test  scores,  concept 
maps,  and  conceptual  drawing  (85%.  13/13.  and  3/3  re:Dectiveiy). 
but  the  interview  revealed  a  basic  lack  ji  understanding  masked 
jy  an  ability  to  recreate  what  the  teacher  had  presented.    On  the 
other  extreme.  Student  8  (average  difficult)  only  got  50%  on  the 
test,  yet  he  made  a  good  conceptual  drawing  (2/3).  and  his 
explanation  of  the  drawing  and  discussion  of  changes  of  state 
indicated  a     well  above  average  understanding  of  ihc  particulate 
nature  of  matter. 

3.      Questionnaire:      engagement   with   a  conceptual 
curriculum    and    engagement    with    schooling    in  general. 

As  the  end  of  the  clinical  interview,  the  students  were  asked  to 
fill  out  a  brief  questionnaire  about  ihcir  experiences  in  science 


class.    The  items  were  scored  on  a  5  point  Likert  scale,  and 
averaged  for  each  class  and  for  the  sample  as  a  whole.  Since 
there  were  only  minimal  differences  between  the  average  scores 
for  each  class,  the  average  results  for  the        le  sample  are  listed 
in  Table  II.  ranked  from  the  most  enjoyed  to  the  least  enjoyed 
activities.     (See  Appendix  A  for  individual  results.) 

TABLE  II 
SCHOOL  TASK  QUESTIONNAIRE 


RANK 

ITEM 

AVERAGE 
SCORE 

1 

doing  a  lab  myself 

1.1 

2 

watching  a   lab  demonstration 

1.7 

3 

listening  ;o  other  students 

2.5 

4-5 

asking  qu^stion.s 

2.8 

4-5 

writing  on  the  blackboard 

2.8 

6 

listening  to  the  teacher  explain 

3.0 

7 

copying   from   the  blackboard 

3.2 

8 

making   vee  diagrams 

3.5 

9 

making   concept  maps 

3.7 

SCORE  KEY 

1  =  enjoy  a  lot 

2  =  enjoy 

3  =:o.k. 

4  =  don't  enjoy  much 

5  =  don't  enjoy  at  all 

Not  surprisingly,  the  students  seem  to  generally  prefer  activities 
and  discussions  to  written  work.    All  the  students  enjoyed  "doing  a 
lab  myself."    They  enjoyed  "watching  (the  teacher  do)  a  lab 
demonstration"  almost  as  much.     Based  on  classroom  observations, 
they  also  seemed  to  appreciate  having  their  own  ideas  attended  to, 
cither  by  the  teacher  or  by  othci  students.    Half  the  students  said 
they  enjoy  "listening  to  other  students;"  the  others  said  it  was 
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"o.k.."    with  only  one  student  rating  u  a  "4."    "Asking  questions" 
and  "writing  on  the  blackboard"  had  less  enthusiasts,  but  few 
negatives  responses.     "Listening  to  the  teacher"     was  cveniy  split 
among  enthusiastic,   neutral.    -  d   unenihusiastic  students. 
"Copying  from  the  blackboard"     was  largely  a  neutral  activity, 
with  no  very  enthusiastic  students.     The  activities  receiving  ihe 
lowest  ratings  were  "making  vee  diagrams"  and  "making  concept 
maps."     They  also  received  many  more  stiongly  negative 
responses  (4's  and  5"s)  than  any  other  item.     9/17  students  rated 
concepts  maps  as  beng  unenjoyable;,  10/17  students  rated  vee 
diagrams  as  unenjoyable.     (See  Appendix  A.^ 

Since  conceptual  curricula  such  as  this  unit  are  supposed  to  value 
students'  ideas  in  order  to  help  them  change  their  ideas,  concept 
maps  and  vee  diagrams  should  be  expected  to  have  had  a  higher 
rating.  In  this  case  their  low  rank  was  consistent  with  my 
observation  that  they  were  used  more  as  vehicles  for 
accountability  (homework,  lab  repons,  and  tests)  than  as  a  way 
for  students  to  think  through  and  express  their  o^  t  ideas.  The 
development  of  ^ne  concept  map  by  the  whole  class  may  have 
given  them  me  impression  there  was  a  single  correct  concept 
map.       During  the  interviews,  students  jIso  sometimes  made 
inappropriate   references   to   concepts,   p.^ncinles   and  theories, 
which  indicated  some  confusion  aboLt      ^  to  use  vee  diagrams. 
They  were  intended  to  be  a  way  for  students  to  set  lab  experiences 
in  a  theoretical  context.    I  think  these  results  are  mou  a 
comment  on  how  vee  diagrams  were  used  in  this  panicular  class 
(a  format  for  lab  repons  and  therefore  the  basis  for  lab  grades) 
than  an  indication  of  student      iiudes  towards  metacognitive 
tools  in  general.     During  classroom  observations  and  clinical 
interviews,  the  students  were  very  willing  to  r.ake  conceptual 
drawings  and  seemed  to  enjoy  sharing  them  with  others. 
(Unfortunately,  conceptual  drawings  wwre  not   included  on  the 
school    task  qu'cstionnaire.) 
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'fiie  student  v/ho  rated  the  most  activities  "unenjoyable"  (#8) 
rated  very  low  (3/10)  on  ;he  teacher's  "willingness  scale"  and  did 
very  poorly  on  the  unit  test  (50%).      He  is  especially  interesting 
because  his  interview  indicated  \.z  was  quite  .      ^jd  with  the 
concepts  in  this  unit  and  connected  them  with  ..is  everyday  life. 
(His  concept  map  was  not  available  because  he  moved  from  the 
area  shonly  after  the  unit  v/as  finished.) 

The  questionnaire  also  included  some  questions  about  where  and 
how  much  homework  students  did.    All  the  students  said  they  did 
all  their  homework  at  home  (as  opposed  to  at  school  or  on  the 
bus),  except  #  8.  who  only  did  homework  at  school  (which 
probably  means  he  didn  t  do  much;  he  didn't  answer  the  question 
about  time).     Most  students  spent  between  fifteen  and  thirty 
minutes   on  their  assignments,  including  studying   for  tests. 
However,  many  of  the  students  who  did  poorly  on  tests  studied 
more  than  1/2  hour  (sclf-reponed).  This  may  indicate  a  lack  of 
appropriate  study  skills,  or  it  may  reflect  an  anifaci  of  the 
questionnaire  (students  who  do  poorly  may  not  want    ->  admit  not 
studying). 

When  discussir:g  »nr  ■    djoeraily  hiph  level  of 

engagement  in  the  unit  v    ♦e^  m  the  observations  and  confirmed 
in  the  questionnaire)  witn  the  teacher,  he  said  that  this  unit  was 
based     jre  in  the  real  world  than  most  units  they  get.  and  that  ne 
made  a  special  effon  to  pay  more  attention  to  their  ideas  than  he 
does  while  teaching   other  more  conventional  units  (Larison. 
personal    communication.  1987). 

D.  QUFSTIONS  FOR  FURTHER  EXf  1.ORATION. 

What  does  ability  mean,  when  low  track  students  can  grasp  basic 
ideas  and  high  track  students  resist  thinking  for  themselves'^ 
The  nature  of  the  educational  process  changes  with  conceptual 
understanding   curricula,   and   this   has   ramifications  both  within 
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and  beyond  the  classroom.  While  this  informal  study  can't  give 
any  definitive  answers,  it  can  help  us  clarify  some  of  the  issues. 


1.     What  kind   of  content  should  be  taught  to  whom? 
Eighth  grade  general  science  is  perhaps  the  last  course  the 
students  in  this  study  will  take  which  can  be  considered  par*  of 
their  "general  education,"  common  to  all  students  of  ihat  age.  In 
many  schools  trackmg  starts  even  earli-tr.  and  means  that 
students  in  different  classes  get  different  content,  perhaps 
taught  with  different  approaches  (see  Anyon,  Contrcras  ct  al. 
Goodlad,  Kilboum.  Oakes).    This  case  study  mdicates  that  one  of 
the  advantages  of  conceptual   understanding  curricula  is  their 
potential  to  work  well  for  traditionally  less  successful  students. 
A  much  wider  range  of  students  can  benefit  from  a  curriculum 
which  builds  on  their  own  ideas  and  prior  understandings, 
especially  if  it  helps  them  connect  these  ideas  wilh  their 
everyday  lives. 

In  the  epistemological  portion  of  the  interviews,  the  "advanced" 
students  tended  to  see  the  relevance  of  the  unit  to  their  further 
studies  or  to  potential  careers  as  scientists.    Mosf  of  the  lower 
track  students  saw  the  academic  elements  of  the  course  as  largely 
irrelevant,  but  often  ^o»ind  ways  of  applying  basic  concepts  to 
their  everyday  life.     If  connected  to  everyday  life  rather  than  lo 
higher  education,  topics  such  as  particle  theory  can  be  very 
appropriate  for  all  students.     If  conceptual  understanding 
curricula  can  teach  basic  concepts  to  a  wide  range  of  students, 
then  "general  science  as  general  education"  may  be  feasible 
throughout  middle  school,  as  we!!  as  in  elementary  school. 

2.     How  should  students  be  evaluated?     Even   when  the 
teacher  brings    .early  the  same  matcflpl.  taught  in  nearly  the 
same  way.  to  studenls  from  different  tracks,  their  prior 
relationship  to  schooling  in  general  will  affect  how  they  interact 
with  that  Darticular  piece  of  curriculum.     In  the  case  of 
conoptuaPjcifl/rsianding  cu'ricula.   the  top  track  students  may 
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do  better  in  some  areas  (paper  and  pencil  tests,  homework,  etc.). 
and  lower  track  students  may  do  better  in  other  areas  (willing- 
ness to  engage  with  the  concepts,  seeing  connections  to  everyday 
life.)     The  discrepancies  between  the  students'  performances  on 
the  unit  tests  and  their  actual  understandings  as  shown  in  the 
clinicc.1  interview  indicate  that  there  are  special  problems  in 
evaluating  the  progress  of  individual  students  taught  a 
conceptual-understr.nding   curriculum    in   a   large   group  setting. 
I    .t.  there  has  »o  be  careful  articulation  between  the  way 
students  are  taugn  and  the  way  they  are  tested.    If  they  are 
taught  in  a  way  which  expects  them  to  express  their  own  ideas  (as 
many   constructivist  and  some  conceptual  change  curricula  do), 
then  they  should  not  be  tested  based  on  the  "one  correct  answer" 
the  teacher  is  looking  for.     There  should  be  enough  variability  in 
how  they  are  allowed  to  express  their  ideas  when  being  evaluated 
that  they  will  give  their  own  ideas.      If  students'  actual 
inderstanding  of  central  concepts  is  what  is  to  be  evaluated,  then 
they  have  to  feel  safe  expressing  their  own  ideas,  rather  than 
feeding  the  teacher  what  they  think  s/he  wants  to  hear. 
Conversely,  students  who  are  skilled  at  giving  the  expected 
answers  back  to  the  teacher  need  to  be  probed  carefully  in  order 
to  find  out  what  their  own  thoughts  are. 

Even  when  grades  are  partially  based  on  such  "conceptual" 
techniques  as  concept  maps  and  vee  diagrams,  students'  general 
attitudes  towards  homework  and  testing  may  make  it  difficult  to 
use  these  tools  to  assess  actual  understandings.  Mctacognitivc 
tools  w  supposed  to  aid  the  learning  process;  they  are  a  way  for 
the  student  to  become  aware  of  (and  therefore  reinforce  or 
correct)  their  own  ideas.    In  this  study,  concep.  naps  and  vee 
diagrams  were  used  primarily  to  measure  students'  ability  to 
n^.atch  the  teacher's  template.     Only  in  their  conceptual  drawings 
was  variability  allowed  and  their  own  ideas  valued.  While 
clinical  interviews  are  not  feasible  as  a  regular  v^ay  of 
evalaating  student   understanding   by   classroom   teachers,  they 
show  potential  as  a  way  for  teachers  to  spot  check  ind  monitor 
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class  progress.     Mctacognitivc  tools  such  as  conceptual  drawings, 
concept  maps,  and  possibly  vee  diagrams  also  show  promise  as 
evaluation   toots   for  conceptual-understanding   curricula,  but 
only  if  they  are  consistently  used  to  value  students'  actual 
understandings  (eg,  in  a  mastery  program  where  they  get 
multiple  shots  at  correcting  incomplete  or  incorrect  ideas). 
Otherwise     these  techniques  become  just  another  pan  of  the 
regurgitation  game. 

3.      Are  there   discrepancies   between   the   goals   we  have 
as    educational    researchers    and    curriculum  developers 
and    the    functional    goals    which    operate  within 
classrooms?     While  making  all  students  scientifically  literate  is 
an  oft-espoused  goal,  few  science  courses  are  taught  in  ways  that 
most  students  can  understand  and  with  explicit  connections  to 
everyday  life.     There  are  various  reasons  for  discrepancies 
between  goals  and  practice  (see  for  example,  Keddie,  1977.)  A 
conceptual  understanding  curriculum  common   to  students  in  all 
track)  may  find  resistance  among  some  parents,  within  school 
systems,  or  by  st      or  national  education  systems,  etc.  Among 
other  factors,  a  common  curriculum  taught  well  to  a  wide  ran);c 
of  students  may  not  serve  as  an  adequate  screen,  separating 
potential  scientists  and  from  non-scientists  (Fensham,  1986).  A 
conceptual    understanding   curriculum    is   time-consuming  and 
therefore  expensive.    It  may  work  well  for  students  who  do  not 
usually  receive  expensive  academic  resources.     It  may  not  give 
much  advantage  to  students  who  are  otherwise  likely  to  be  "the 
cream  of  the  crop."     Conceptual  understanding-oriented 
curricula  will  only  become  widespread  in  their  use  if  schools 
make  a  real  commitment  to  teaching  science  well  to  all  students. 
The  rhetoric  of  excellence  and  equity  in  national  reports  remains 
empty  unless  we  explore  curricular  approaches  which  woik  well 
for  a  broader  range  of  pupils.    If  we  do  have  a  commitment  to 
scientific  literacy  for  all  students,  then  the  ability  of  conceptual 
understanding  curricula  to  engage  students  in   learning  (not  just 
in  schooling)  makes  them  worth  developing  further. 
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APPENDIX  A 
SCHOOL  TASK  QUFSTIONNAIRE 
Ratings  by  individuals  ^ 


dJi  il  r:l5  iUi 

1^  6^ 

CLASS    stu.gen.  abcdefghi  total 
#  m/f 


I       1  m 

3 

2 

3 

4 

4 

3 

5 

3 

28 

1 

z 

Z, 

4 

z 

A 

4 

1 

zU 

ADV.     9  m 

4 

2 

3 

5 

1 

3 

I 

3 

5 

27 

lU  I 

1 

a 

A 

z 

A 

a 

Zj 

AVERAGE 

33 

1.5 

2.5 

3.5 

3.8 

2 

4 

3 

24.f 

II      4  f 

4 

2 

3 

2 

3 

2 

4 

24 

11  m 
1  1  111 

a 

1 

a 

Z 

/I 
*♦ 

Zt 

AVE.   12  f 

3 

3 

4 

2 

5 

3 

4 

3 

28 

AVERAGE 

?.3 

2 

3.3 

2 

3.6 

3 

3.6 

3.3 

25 

III     5  f 

'X 

2 

4 

-1 

-1 

z 

Z  J 

6  m 

4 

1 

1 

1 

5 

2 

4 

3 

22 

REM.  13  f 

2 

1 

2 

3 

3 

3 

1 

3 

19 

14  m 

3 

2 

2 

3 

3 

2 

4 

3 

22 

AVERAGE 

3 

1.5 

2.3 

2.3 

3.5 

3.3 

3 

2.8 

22 

IV    7  f 

3 

2 

3 

4 

3 

2 

4 

1 

23 

S  m 

5 

2 

5 

5 

5 

3 

5 

3 

34 

AVE.  15  m 

3 

2 

3 

2 

4 

3 

4 

3 

25 

diff.  16  m 

3 

1 

3 

5 

4 

2 

3 

3 

25 

AVERAGE 

3.5 

1.8 

3.5 

4 

1 

4 

2.5 

4 

2.5 

27 

V      17  m 

2 

2 

2 

3 

2 

4 

3 

3 

2 

23 

AVE.  18  f 

3 

2 

3 

3 

2 

3 

3 

3 

3 

25 

AVERAGE 

2.5 

2 

2.5 

3 

2 

3.5 

3 

3 

2.5 

24 

SCORE  KEY 

1  =  cnjcy  a  lot 

2  =  enjoy 

3  =  o.k. 

4  =  don't  enjoy  much 

5  =  don't  enjoy  at  all 
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APPENDIX  B 
ENGAGEMENT  IN  SCHOOLING: 
WILLINGNESS"  RATING  BY  TEACHER 


CLASS      stud.        gen.  willingness 
#  m/f 


I  1  m  9 

2  f  9 

ADV.  9  m  8 

10  f  9 

AVERAGE  8.8 

II  4           f  8 
11m  7 

AVE.       12  f  S 

AVERAGE  7.6 

III  5             f  5 
6            m  9 

REM.      13  f  6 

14  m  8 

AVERAGE  7 

IV  7           f  5 
S           m  3 

AVE.        15  m  6 

difficult    16  m  9 

AVERaGL  5.8 

V  17  m  6 

AVE.       IP  f  5 

AVERAGE  5.5 


KEY:      10  =  high   willingness;   1   =   low  willingness 
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STANDARDIZED  TESTING  FOR  MISCONCEPTIONS  IN  BASIC  MATHEMATICS 
Ronald  Narode,  University  of  Massachusetts 

Overview 

For  the  past  decade  cognitive  process  researchers  have 
measured  the  prevalence  of  misconceptions  in  math  and 
science  among  groups  of  students.    Often  the  measure  is 
accomplished  through  the  use  of  an  open-ended  or  multiple- 
choice  question  administered  singly  or  with  few  additional 
items.    The  data  achieved  is  used  to  support  hypotheses 
about  the  prevalence  and  resilience  of  one  or  several 
misconceptions.    Briefly,  a  misconception  is  a  person*s 
conceptualization  of  a  problem  or  phenomenon  that  generally 
is  reasonable  to  themselves  but  at  variance  from  the 
conceptualization  of  an  "expert"  in  the  field  from  which  the 
problem  came.    Since  the  objective  of  the  test  item  is  to 
corroborate  experiential  observations  in  the  classroom  or 
surfaced  misconceptions  in  clinical  interviews,  little  if 
any  analysis  of  reliability  and  validity  has  been  conducted 
on  the  items  themselves.     One  naive  but  frequent  complaint 
about  items  which  evoke  misconceptions  is  that  they  are 
"tricky".      The  intention  of  the  item  is  not  to  trick  the 
student,  but  to  test  for  conceptual  understanding  by  placing 
known  misconceptions  as  options  on  the  item.     If  the 
examinee's  difficulty  with  the  item  results  from  an 
inadequAte  grasp  of  the  concept  which  the  item  is  testing, 
then  the  item    nd  the  "tricky"  distractc,  has  proved  its 
usefulness. 

Research  indicates  that  misconceptions  are  widespread 
and  resistant  to  the  benefits  of  instruction,   [Clement, 1982; 
Fredctte,  &  Lochhead, 1980;  Minstrell . 1986 J .    The  predominant 
observation  of  misconceptions  researchers  is  that 
misconceptions  in  the  student  must  be  addressed  and  overcome 
be.fore  a  new  and  better  understanding  is  attained. 
Misconceptions  may  be  viewed  as  both  a  stumbling  block  for 
students  and  a  signpost  for  the     3acher.     It  follows  that 
misconceptions  ought  to  be  incorporated  into  standardized 
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tests  which  attempt  to  assess  the  level  of  understanding 
aiuong  examinees. 

This  study  examines  some  ox  the  problems  which  arise 
from  incorporating  misconceptions  into  a  standardized 
placement  exam  for  the  selection  of  students  into  a  college 
remedial  nath  course.     Some  of  those  problems  are: 

*  Items  containing  misconceptions  [MI, 
misconception  item]  are  more  difficult  than 
Items  Which  do  not  contain  misconceptions.  [Low 
p-values ] 

*  MJs  correlate  poorly  with  items  which  do  not 
contain  misconceptions.     [Low  item/total-  .est- 
score  point  biserial  correlation'.  J 

*  In  a  multiple-choice  MI  the  distractor  which 
contain;,  the  misconception  is  often  chosen  more 
frequently  than  the  correct  answer  even  by 
students  who  are  proficient  with  non-Mis. 
[Positive  or  near-zero  distractor/total-test- 
score  point  biserial  correlations  on  distractors 
with  misconceptions] 

All  of  the  meajures  listed  above  are  reliability  measures 
from  classical  test  theory  [CTT]  and  would  suggest  removal 
of  the  MI  from  the  test  or  removal  of  the  misconception- 
distractor  from  the  item. 

An  analysis  of  Mis  using  Item  Response  Theory  [IRT] 
indicates  that  Mis  are  in  face  useful  items.  Developed 
primarily  by  Lord  (1952.  1953a.   1953b).  irt  attempts  to 
relate  the  likelihood  of  a  correct  response  to  an  item  to  an 
individual's  ability.     Assuming  that  the  test  measures  only 
one  trait  (unidimensional ity ) .  then  the  probability  of  a 
correct  response  to  an  item  depends  on  two  variables  only; 
the  item  and  the  exawinee.     Quantitatively,  the  examinee  is 
assigned  one  number  (for  ability)  while  the  item  is  assigned 
one,  two  or  three  numbers,  (for  discrimination,  difficulty 
and  pseudo-chance  "guessing")    depending  upon  the  specific 
IRT  model  used.     The  present  study  uses  a  modified  three 


parameter  logistic  muiel  whi^^^  derives  from  the  work  of 
Birnbaum  (1957,  1958a,  1958b,  1968)  and  Lord  (1974).  The 
following  were  observed: 

*  Mis  are  difficult,  but  not  much  more  difficult 
than  non-Mis. 

*  Mis  discriminate  well  among  examinees, 
especially  at  the  high-end  of  abilities. 

*  There  appeal s  to  be  less  guessing  on  Mis  than  on 
non-Mis. 

While  CTT  is  useful  in  tha  analysis  of  Mis,   it  is 
inadequate  in  that  cognitively  interesting  and  valid  items 
may  be  discarded.     IRT  adds  qualitatively  different 
information  to  item  analyses  which  contributes  significantly 
to  the  selection  and  interpretation  of  Mis.     It  is  suggested 
that  t^sts  which  incorporate  misconceptions  into  items  be 
analyzed  with  both  CTT  and  IRT. 

Altnough  validity  was  the  primary  motivation  for  this 
study,  there  are  few  quantitative  measures  of  validity 
appearing,    following  Anastasi's  (1986)  recoiiimendation, 
validity  was  built  into  the  present  test  from  the  outset 
rather  than  being  addressed  in  the  final  stages  of  the 
test's  development.    The  items  in  the  test  reflect  the 
content  of  the  course  which  students  were  placing  out  of, 
and  the  items  with  misconception;^  tested  the  degree  of 
understanding  of  specific  topics  taught  in  the  course. 
Prior  research,  psychological  theory  and  teaching  experience 
contributed  substantially  to  thu  generation  of  these  items. 
Nevertheless,  it  would  be  difficult  to  ascertain  construct 
validity  since  there  is  as  yet  no  concisely  described 
psychological  trait  which  accurately  conveys  the  kinl  of 
understanding  needed  to  succeed  on  mathematics  items  which 
contain  misconceptions.    While  the  remedial  math  course  is 
aptly  described  as  '^Quantitative  Reat^oning"  one  would  be 
hard-pressed  to  find  a  suitable  description  that  would  lend 
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itself  to  careful  quantification.     Perhaps  the  most  useful 
measure  of  construct  validity  is  the  overall  reliability  of 
the  test  to  indicate  the  presence  of  a  cluster  of  skills 
with  a  high  degree  of  intercorrelat.on.     Furthermore,  no 
suitable  criterion  has  been  found  from  which  a  criterion 
validity  correlation  may  be  conducted.    With  the  development 
of  new  tests  of  similar  construct  and  content,  criterion 
validation  will  be  possible. 

DATA  COLLECTION 

The  data  for  this  study  represents  the    :ist  resuJts  of 
618  freshmen  who  were  diagnosed  as  math  weak  from  a  previous 
placement     .st.    The  Math  Department  at  the  University  of 
Massachusetts  tests  all  inc  .aing  freshmen  to  ascertain  their 
level  of  math  ability.    Those  students  who  demonstrate  a 
need  for  a  remedial  math  course  are  then  sent  to  the  Basic 
Math  Program  of  the  Cognitive  Processes  Research  Group 
[CPRG]  for  placement  into  either  of  two  remedial  courses. 
Math  010  is  a  remedial  course  in  quantitative  reasoning, 
which  mainly  teaches  arithmetic.    More  specifically,  the 
^cn^ent  of  Math  010  is:  fractions,  decimals,  percents, 
exponents,  so.\ving  linear  equations,  simple  applied 
geometry,  and  algebra  translation  tasks.    The  second  level 
of  the  remedial  program  is  a  course  entitled  Math  Oil, 
Introductory  Algebra.     Both  courses  stress  conceptual 
understanding  in  addition  to  rote  algorithmic  computation 
and  symbol  manipulation.     Story  problems  and  problems  which 
inrorporate  or  elicit  misconceptions  are  often  used  to 
fostor  and  challenge  the  students'  understandings. 

The  CPRG  placement  exam  is  composed  of  28  items  which 
reflect  all  areas  of  course  content  for  Math  010.  (See 
appendix  1).     Students  who  score  at  least  sixteen  of  the 
items  correctly  may  enroll  in  Math  Oil..    Anyone  scoring  less 
than  sixteen  correct  must  first  take  Math  010.     All  of  the 
items  are  five-option  multiple-choice  items  which  are 
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machine  scored.    Several  of  the  items  contain  common 
misconceptions  which  appear  in  research  (Rosnick  &  Clement, 
1980;  Btntnder  (  Clement.  1985),  and  which  six  years  of 
experience  teaching  the  course  indicates  are  prevalent  among 
the  010  student  population.    The  content  on  the  placem-^nt 
exam  is  similar  to  a  Math  Oin  fin^i  examination,  although 
the  format  i.a  quite  different  since  the  pUccment  exam  is 
the  only  exam  in  Math  010  which  is  multiple  choice. 

Instructors  administered  the  test  on  the  second  day  of 
classes  to  ^11  enfiring  students  in  M.^th  010  end  Math  Oil, 
regardless  of  preregistrat ion .     The  first  day  of  classes 
consisted  of  administrative  details  only.    Exactly  thirty 
minutes  was  allowed  ror  testing.     Instructors  reported  that 
virtually  everyone  had  finishec  in  the  allotted  time. 
FoUov^ng  scoring,  st:-,1ents  wore  reassigned  to  their  proper 
laase*,  usually  two  clcss  d.ys  after  the  exam  date. 

The  exam  wa»  administered  to  two  separate  groups  in  the 
Fall  and  Spring    tiesters.    Measures  were  instituted  to 
secure  the  exam  to  prevent  cheating.    Although  the  testing 
times  differed,  the  test  *'as  identical  both  semesters,  and 
since  all  of  the  stude-.s  had  been  diagncsed  math  weak  from 
a  previous  math  depart.aent  placement  exam  (composed  mostly 
of  items  f.-om  the  Mathematical  Association  of  America  item 
bank),  it  can  bt  iafaly  assumed  thLi  the  two  groups  are 
similar  in  ability,  and  that  test  conditions  for  both  groups 
were  also  similar.    Because  the  Item  Response  Theory  (IRT) 
analysis  i^  more  r^Jiable  with  a  n>600,  the  data  from  both 
groups  were  merged. 

DATA  ANALYSIS 

Two  computer  software  pack*.ges  were  u.sed  in  the 
avalysis  of  the  data.    MERHAC  (1971)  uses  Classical  Test 
Theory  ^CTT)  tc  analyze  and  report  test  and  item  statistics 
together  with  individual       ient  response  reports.  iOGlST 
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{i^Q2)  uses  Item  Response  Theory  (IRT)  to  analyze  item 
parameters  and  individual  student  abillMes.    A  more 
detailed  description  of  these  analyses  follows. 

MEivrfAC 

A  summary  of  test  statistics,  as  reported  by  MERMAC, 
(Bussel  fit  al.  1971)  appears  in  Appen;:ix  2.     The  close  match 
between  the  mean  and  -  ,dian  scores  indicates  a  near  normal 
distribution  which  was  also  evident  in  the  frequency 
distriUtion  reported  by  MERMAC  (not  shown  here).  The 
average  test  difficulty. 


mean  score 

P  -  0.43 


Total  #  of  Items 

is  low  by  .cnparison  to  most  math  ability  tests  which  have 
P  >  0.6.  [Tinkelman,  1971],  but  is  understandable  in 
consideration  of  the  group.     Although  it  is  surprising  that 
college  freshmen  would  do  so  poorly  on  so  simple  a  test  as 
this,  one  would  not  expect  high  scores  from  a  group  al  eady 
diagnosed  as  needy  of  remediation.     Low  p-values  also  affect 
the  overall  test  reliability.    The  optimum  average  item 
difficulty  for  a  five-option  multiple-choice  test  is  about 
P-0.7  (Tinkelman,  1971^      The  error  variance  due  to  chance 
is  decreased  since  less  guessing  occurs  -n  easier  items  than 
on  difficult  ones.    Consequently,  the  test  reliability  is 
increased.     In  fact,  the  CPRG  test  reliability,  calculated 
with  the  Kuder-Richardson  Formula  #20,  Is  reportf*d  ut  0.78, 
which  is  quite  accepta.^e  considering  the  few  number  of 
items  and  the  homogeneity  of  the  group.     It  should  also  be 
noted  that  ^tems  were  not  removed  for  being  too  difficult,  a 
phenomenon  common  to  many  math  tests  (Leim/and,  1983),  since 
this  would  invalidate  &  test  which  attempts  to  ascertain 
conceptual  understanding. 

MERMAC  also  provides  item  analyses  which  provide 
information  in  three  different  formats.    A  dot  graph  of 


64 


SwUdent  groups  distinguished  by  q'^intiles  is  plotted  against 
the  percent  correct  for  that  item.     A  clearly  increasing 
shape  indicates  a  relat*'*ely  high  correlation  between  that 
item  and  the  rest  of  the  test. 

Item  1  Percent  of  correct  response  by  fifths 


1st    ♦  * 
2nd    -i-  * 
3rd    ♦  * 
4th    +  * 
5th    ♦  * 

+  +  +  ^  +  ^  +  ^  ^  ^  ^ 

0      10      20      30      40      50      60      70      80      90  100 
ifigure  1 

One  difficulty  in  interpreting  ^hese  graphs  comes  from 
the  fact  that  the  quantities  are  not  at  equal  intervals  in 
terms  of  score  range.     Students  ir.  the  first  quintile  scored 
in  the  range  between  17  and  26  i^ems  correct  while  those  ir. 
the  fift*?  quintile  score^i  between  0  and  7  correct.    The  mid- 
three  quintlles  each  had  a  range  of  only  three  items.  This 
would  of  course  be  the  case  for  any  normally  distributed 
test  po^^'-^tion.     M2RMAC  mitigates  this  difficilty  by 
providing  a  matrix  of  the  number  of  responses  made  by  each 
quintile  to  each  item  option  and  the  number  of  omits  for 
each  Item.     The  overall  proportion  of  students  selecting 
each  of  the  dit tractors  is  also  reported  above  the 
option/total  test  score  point  biserial  (see  appendix  3). 

Option/Total-Test-Score  Point-Biserial  Correlation 


Sx       \J    I  "  2i 

vharfji  -  mean  of  X  scores  among  examinees 

selecting  option  0 
X    «  mean  of  X  scores  among  all  examinees 

-  standard  deviation  of  all  scores 
Pi  -  item  difficulty 


ERLC 


644 


When  the  option  is  the  correct  response  (marked  with 
parentheses),  then  the  ite/L  total-test-score  point-biserial 
correlation  is  calculated.     One  would  expect  good  items  to 
have  a  positive  correlation  on  the  correct  response  and 
negative  correlations  for  all  of  the  distractors.  The 
avera^^e  item/test  correlations  for  mathematics  items  is 
about  0.6,  which  is  high  when  compared  with  the  average 
item-test  correlation  for  social  studies  items  which  runs 
about  0.4  (Tinkelman,   1971).      The  present  test  has  a 
comparatively  low  item-test  correlation  of  0.376,  which 
occurs  mainly  because  of  the  presence  of  WI's,  which  have 
lower  item-test  correlations  and  positive  cJistractor-tes t 
correlations.     This  phenomenon  will  oe  considered  more 
thoroughly  in  another  section. 

LOGISr 

The  LOGIST  computer  prograio  (Wingersky,   1983),  reports 
Item  analyses  on  the  basis  of  an  Item  Response  Theory  [IRT] 
test  model.     (For  a  thorough  review  of  IRT,  see  Hambleton 
and  Swaminathan  (1985),  and  Hambleton  (1983).]     As  mentioned 
earlier,  IRT  estimates  the  probability  of  a  correct  response 
to  an  item  from  mx  individual  at  any  ability.  The 
mathematical  model  used  by  the  LOGIST  program  is  the  three- 
parani^ter  logistic  model  which  is  a  modificaLion  of  the  two- 
parameter  logistic  model  developed  by  Birnbaum  (l9b7).  The 
three-parameter  model  is  described  by  the  function: 

P. (6)  -        +  O-C.)  . 
(i  -  1.  \  n) 

where : 

P^(i>)  •  the  probability  that  an  examinee  with  ability 
level  &  answ-^rs  item  i  correctly; 


i.7a  (0-b.) 
e  11 

I77r(§-b.  ) 
1  +  e        1  1 


645 


the  item  difficulty  parameter  which  is  the 
point  on  the  ability  scale  where  an 
examinee  has  a 

2 

probability  of  answerir.g  correctly. 

the  item  discrimination  parameter. 

the  pseudo-chance  le  el  parameter  which 

represents  the  probability  of  low  ability 
examinees  correctly  answering  an  item. 

The  following  item  characteristic  curve  [TCC]  is  a 
graphical  representation  of  the  result  of  LOGIST  item 
parameters  for  item  U20  on  the  placement  nest; 

ITEM  20 


326 


Thfa  abilitj  scale  is  on  an  axis  from  negative  in.^in'  to 
positive  '.nfinity.  and  is  standardized  with  a  mean  of  0  and 
a  standard  deviation  of  1.     Theoretically  the  b-valu-s  can 
be  any  number,  although  b-values  are  genera; ly  in  th(  range 
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of  -3  to  3.     The  lower  asymptote  indicates  the  level  of 
guessing.    On  this  particular  item  the  c-parameter  is  just 
above  0.1.     The  fpct  that  tliis  is  a  five-opcion  item  implies 
that  there  was  less  guessing  o  .  this  item  than  random 
probability  would  suggest.     The  b-parameter  is  about  2.2, 
which  suggests  that  this  is  a  lelatively  aifficult  item. 
The  steepness  of  the  curve  is  a  measure  of  the 
dijcrim.nation  of  the  item.     The  position  of  the  inflection 
point  on  the  ability  scale  is  the  b-vdlue,  and  besic-s 
difficulty,   it  indicates  at  which  ability  level  the  item  is 
most  discriminating. 

Fitting  -ihe  Model  To  The  Data 

Af.:er  obtaining  item  parameters  using  LOGIST  a 
goodness  of  fit  study  (Hambleton  and  Murray,  1983)  was 
conducted  to  evaluate  the  success  of  t  «  three-parameter 
logistic  model  in  predicting  the  observed  data.    A  computer 
program  prepared  by  Murray,  Hambleton  and  Simon  (1983)  was 
used  to  conduct  a  residual  analysis  of  the  logistic  test 
data.     The  program  first  divides  the  ability  scale  into  12 
equal  i-.itervals  between  ability  scores  of  -3.0  and  3.0,  and 
then  calculates  the  expected  p-values  at  each  ability  level 
and  for  each  4tem  using  the  three  para.'neters  of  the  logistic 
model.    Residuals  are  computed  by  subtracting  tnese 
estimated  p-values  from  the  observed  p-values.    The  average 
residual  for  the  entire  test  is  -O.OJe,  which  suggests  that 
the  model  predicted  a  slightly  easier  test  than  was 
experienced  by  this  group.     The  average  absolute  residual  is 
0.067.    Both  values  indicate  a  relatively  close  fit  of  mod-l 
to  data.     Since  the  program  also  computes  these  residuals 
for  each  item  and  ability  level,  further  study  indicates 
which  items  and  abilities  are  best  accounted  for  by  the 
model.     The  weighted  average  residuals  for  all  of  the  items 
appeared  similar  (within  0.05  of  each  other),  and  mostly 
<0.02  in  absolute  Weighted  average  residuals,  indicating 
that  the  model  fit  the  indi.idual  items  well.    The  smallest 
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residuals  appeared  in  the  ability  levels  from  -0.25  to  1.25. 
Apparently  the  model  fits  the  data  best  at  the  ability 
levels  which  are  slightly  higher  than  average.    This  is 
useful  since  the  test  is  being  used  to  measure  minimum 
corapatency  for  placement.     Students  with  low  ability  will 
need  the  lower  level  remedial  course  certainly,  while 
students  of  very  high  ability  will  test  into  the  higher 
level  course.    The  difficult  decisions  will  occur  with 
students  somewhere  in  the  upper  middle  group;  precisely  the 
ability  level  best  predicted  by  the  model. 

Analysis  Of  Two  Misconception  Icems 

To  illustrate  the  problems  associated  with  using  His 
in  a  multiple-choice  forma'   two  exemplary  Mis  were  selected 
from  the  present  test.     Items  />9  and  tf20  contain 
miscorxeptions  within  their  di^:  cractor  choices.  The 
misconceptions  in  both  items  appear  in  previous  research. 

Item  U20  (see  Appendix  1)  contains  a  misconception 
concerning  the  concept  of  variable  (RosniLk,  1981).  The 
misconception  is  referred  to  as  the  reversal  error  since  the 
most  commonly  chosen  answer  (even  when  not  appearing  in  a 
multiple-choice  format]  involves  an  equation  whose 
coefficients  are  reversed  from  the  correct  order.     In  item 
#20  the  correct  response  in    d",  5C-W.    However,  only  19Z  of 
the  examinees  responded  correctly,  while  46Z  selected 
distractor  "b**,  5W-C.     Although  the  item/test  point  biserial 
is  0.26,  which  is  about  two-thirds  of  the  average  item/test 
point  biserial,  the  distra^tor/tesc  poinc  biserial  :or 
option  ••b"  is  0.04.    The  distractor  with  the  mijconcept ion 
correlates  poorly  with  the  res"  of  the  test  because  it 
attracted  so  many  of  the  high  scoring  examinees.    These  item 
statistics  would  suggest  that  to  achieve  higher  test 
reliability  the  item  or  the  distractor  should  be  ''amoved 
from  the  test.    But  researcn  suggests  that  misconceptions 
with  the  concept  of  variable  are  best  diagnosed  with 
precisely  this  type  of  item.     Classical  Test  Theory  can  be 
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viewed  as  placing  a  barrier  between    cognitive  process 
research  and  standardized  testing. 

Item  Response  Theory  can  aid  the  test  constructor  in 
analyzing  i  test  jncorpo-ating  Mis  by  providing  another 
perspective  on  item  characteristics.     The  graph  appearing  in 
figure  2  illustrates  an  item  characteristic  curve  for  item 
/>20.     The  slope  of  the  line  2t  the  point  of  inflection  is 
determined  by  the  a-pararaeter,  1.05,  which  indicates  a  well 
discriminating  item,  especially  among  higher-ability 
examinees,  as  given  by  the  b-parameter,  2.24.     Although  CTT 
indicates  the  relat  ive  difficulty  of  this  i'cem  (I  w  p- 
value),  the  low  item/test  point  bi.seri  '  would  indicate  that 
the  ite.D  is  a  poor  discriminator,  IRT  yields  a  very 
different  in  ^rpretation. 

The  lower  asymptote  is  given  by  the  c-parameter,  and  is 
0.12,  which  indicates  that  the  probability  of  the  lower 
ability  students  getting  the  item  correct  (probably  oy 
guessing)  is  less  than  0.2  which  is  the  probability  of  a 
randomly  chosen  correct  response.    One  hypothesis  for  this 
behavior  is  that  the  misconception-distractor  is  noc  only 
att4.'active  to  mid  and  higher  ability  students,  it   is  also 
extremely  attractive  to  low  and  lower  ability  students.  An 
examination  of  the  matrix  of  responses  by  quintiles  in 
MERMAC  confirms  this  hypov.*esis;     50X  of  the  examinees  in 
the  fourth  quintiJe  selected  distractor  "b",  while  39X  of 
the  examinees  in  the  fifth,  and  lowest  quintile,  selected 
diitractor  "b".     It  should  also  be  noted  that  the  residual 
analysis  of  the  logistic  test  data  showed  the  compatability 
of  model  to  empirical  data  higher  for  item  #20  than  most  of 
the  other  items.    The  average  absolute  residual  for  item  #20 
is  0.033,  while  the  r.verage  for  the  test  was  0.067.     IRT  can 
predict  performance  on  this  item  for  any  ability  examinee 
with  a  high  degree  of  accuracy.    Furthermore,  the  item  is 
useful  in  tl.at  it  discriminates  well  among  examinees. 

Item  #9  is  a  MI  with  similar  item  characteristics  as 
item  #20  altnough  the  misconception  is  quite  different. 
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Item  U9  (see  Appendix  1)  contains  a  misconception  in 
dlstractor         which  identifies  a  part/whole  confusion  in 
fractions  concepts,  (Benander  &  Clement,  1985).     Instead  of 
taking  a  "third  of  tne  remainaer*;  many  students  simpl  •  take 
a  third  of  the  whole.    Some  students  will  misread  fhe 
problem  by  deleting  the  phrase  "of  the  remainder=^  evon  after 
they've  been  asked  to  reread  the  problr.o  for  accurac-. 
Apparently  the  misconception  is  so  strong  as  to  cause  the 
student  to  read  information  into    or  ia  this  case,  out  of, 
the  problem. 

The  CTT  analysis  is  very  similar  to  the  analysis  of 
item  #20.    Only  19Z  of  the  examinees  scored  item  09 
correctly.    The  correlation  with  the  rest  of  the  test  is 
0.34,  which  is  close  to  the  average  item/test  correlation. 
Distractor  "b",  whi^.n  contains  the  misconception,  attracted 
47Z  of  the  examinees,  and  correlated  near  zero  with  the  rest 
of  the  test  (rpbi-  -0.05).    As  in  item  #20,  this  item  or  its 
misconception-distractor  should  be  removed  from  the  t«st  to 
improve  the  test's  overall  reliability. 

Again,  '.s  itt  it-m  i'2Q,  the  IRT  pairarueteirs  indicace 
that  this  item  discriminates  well  (a  -  1.797),  especially 
among  higher  ability  examinees  (b  «  1.81).     There  is  also 
less  guessMg  on  this  item  (c  -  0.11).     Ac-ording  to  IRT 
this  item  can  remain  in  the  test  since  it  contributes  to  the 
overall  determination  of  examinee  ability  in  an  area  that 
the  test  constructors  wish  to  measure. 

Conclusion 

The  i.iclusion  of  Mis  in  standardized  multiple-choice 
mathematics  cxams  can  iid  in  identitying  students  who  have  a 
weak  or  confused  u'lderstanding  of  certain  concepts.    The  use 
of  Mis  is  problematic  since  the  standard  analysis  of  items 
"Sing  <  iassical  Test  Theory  indicates  that  by  discarding  the 
item  oi  the  distractor  containing  the  misconception  the 
reliability  of  the  test  is  improved.    This  is  due  to  low  p- 
values,  low  item/test  correlations  a*:,  misconception- 


650 


distractors  which  attract  even  the  higher  ability  students. 

.fortunately,  discarding  the  MI  would  amount  to  a  trade-off 
of  validity  for  reliability. 

Item  analyses  using  Item  Response  T..eory  aids  the  test 
constructor  enormously.    Not  only  are  Mis  acceptable,  but 
they  are  statistically  good  items.     IRT  indicates  that  Mis 
discriminate  well  among  examinees,  especially  higher  ability 
examinees.     IRT  also  gives  the  probability  of  a  correct 
response  to  an  item  for  an  examinee  of  any  ability.  The 
item-characteristic  curves  illustrate  graphically  how  the 
different  items  differentiate  among  examinees  of  varying 
abilities.    Perhaps  most  importantly  the  IRT  item  parameters 
are  independent  of  the  group  tested,  a  characteristic  that 
is  certainly  not  true  of  CTT  statistics. 

It  is  suggested  that  test  constructors  of  standardizea 
mathematics  tests  incorporate  misconceptions  into  their 
items  to  test  for  conceptual  understanding  an-  that  both  CTT 
and  IRT  are  used  in  their  analysis. 
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Math  Diagnostic  Tes 

Please  fill  in  the  appropriate  space  on  your  answer  sheet. 
Do  not  write  on  this  test.     Scrap  paper  will  be  provided. 


1) 


6  ^  4 


10 


b. 


12 


e .  None  of  the  above 


2)  2-x~ 


a.  1^ 


'-si 


0.  2,j- 


d.  "^22"    ®"  ^^^^  above 


3)  3^^^ 
^  4-5 


4 


-it 


d. 


e .  None  of  the  above 


4)  Convert  5/8  to  a  decimal. 

a.   .5       b.   .625        c.   1.6       d.   .58         e.  None  of  the  above 

5)  Convert  . 7  to  a  percent. 

a,  70%      b.  7Z  c.     7%        d.   .07X        e.  None  of  the  above 

6)  Add  .06  +  A  +  3.8 

a.  8.4      b.  7.86        c.   7.8        d.  4.8  e.  None  of  the  above 


7)     Divide  .048  by  2.4 

a.   .002      b.   .05      c.   .02        d.   .005         e.  None  of  the  above 


Z)    What  is  20X  of  7.5? 

a.   1.5      b.   15        c.  3.75      d.  37.5         e.  None  of  the  above 


9)    Four  people  share  a  pizza  in  the  following  way:    Tom  got  a 
third  and  i.  ^ry  get  a  third  of  the  remainder  while  Dick  and 
Harry  shaded  equally  what  Ton  and  Mary  did  not  get.  What 
fraction  of  the  whole  pizza  did  Harry  receive? 


10)    A  bicycle  that  regularly  costs  $360  is  on  sale  for  $306.  By 
what  percenn  has  the  price  been  reduced? 

a.     iOX  b.     iiX         c,    6%         d.     54X  e.  iSX 


Evaluate  the  f'^llowing  expressions,  when  x  -  -2: 
11)    X  -  2(3  -  X)  -  x(x  -  5) 

a.     6  b.     0        c.     4         d.     -26  e.  None  of  the  above 


12)  5^ 

a.     -25        b.  25        c.  -10         d.  25  e.  None  of  the  above 


13)  5  .   3  +  2  -  x  7  2 

a-     18         b.     21         c.     9^         a.     7^         e.  8^ 


a.     3  b.     4  c.     2         d.     -1  e.  1 

"2 
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15)    Calculate  the  outside  surface  area  of  c  hollow  tube: 
_  10-  ^ 


12.5  feet 

b.  150  square  inches 

c.  50  inches 

d.  471  square  inches 

e.  75  inches 

Write  the  following  numbers  in  scientitic  notations: 


16)  3,583,000 

a.  3.5  X  10^  b.  3.58  c.  3.583  x  10^  d.  3.583  x  10^ 
e.     3583  X  10^ 


17)  .00004 

a.  .4^  b.  4  X  lO'^  c.  .04  d.  .4  x  lo'^ 
e.  None  of  the  above 

Solve  the  following  equations  (find  the  solution  set): 

18)  2(5  -  t)  +  6t  -  t  +  22 


32 
5 


12 
5 


e.  None  of  the  above 


19)  4t 
10 


-  2t  +  2 


b.  10 


-8 


e.  None  of  the  above 


20)    For  every  person  who  orders  chocolate  milk,  five  order  white 
milk.     Write  an  equation  which  shows  the  relation.ship  between 
•C,  the  number  of  people  who  order  chocolate  milk,  and  **W'' 
the  number  of  people  who  order  white  milk. 


a.  5W  +  C 


b.  5W  •  C 


c.  _C 
5W 


d.  5C  •  W 


e.  C  +  W  •  6 
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21)  What  day  precedes  the  day  after  tomorrow  if  four  days  ago  was 
two  days  after  Wednesday? 

a.  Tuesday      b.  Wednesday      c.  Thursday      d.  Sunday 
e.  None  of  the  above 

22)  A  recipe  for  Crisp  Crackers: 

cups  wheat  flour 

7    cup  seeds  (se^cime  or  caraway) 
1 

^    cup  peanut  oil 


~    teaspoon  salt 


2    cup  water 

If  all  I  have  is  1  civ  of  wheat  flour,  how  much  salt  should  I 

ui>e? 

a.     1  t( ispoon      b.  ~  teaspoon      c.     j  teaspoon 

2  1 
a.     J    teaspoon      e.     ^  teaspoon 


23)    How  many  jars  of  water  are  needed  to  fill  a  23-~  liter  Jug  If 
each  jar  contains  0.4  liters? 

a.  0.4(23.5,      b.  23.5  -  0.4       c.  |(^)        d.  |(^)        e.  f(il) 


24)    All  items  in  a  store  are  discounted  203;.     Identify  the 

expression  which  will  calculate  the  sale  price  of  an  item. 


20P         2.     0.2P         c.    |p         d.     F  -  20         e.  120P 


25)    A  bathtub  can  hold  124  liters  of  water.     1/4  o£  the  tub  was 
filled  in  20  minutes  winh  the  faucet  ti*rned  on.     How  much 
longer  will  it  take       fill  the  tub  completely? 


a.  7  of  an  hour        b.40  minutes      c.  80  minutes         d.  1  hour 
4 

e.  ncn^  of  the  above 

26)    How  many  millions  are  in  1.8  billion? 

a.   18  b.   1,800  c.  18,000  d.   1.8         e.  0.18 


27)    Which  number  is  closest  to 


3  ? 
100 


a.  One  Third        b.   1.003        c.  3.100        d.  0.103        e.  0.031 


28)  What  is  the  perimeter  of  the  right-angled  place  figure  below? 
All  measurements  are  in  inches. 


■  4U 


40 


a.  260 

b.  230 

c.  200 

d.  170 


None  of  the 
Above 


ERLC 


656 


APPENDIX  2 


Summary  of  Test  Statistics 


Number  of  Items  28 

Mean  Score  12  .01 

Median  Score  1 1  .  74 

Standard  Deviation  4.C2 

Reliability  (KR-20)  0.777 

S.E.  of  Measurement  2.28 

Possible  Low  Score  0 

Possible  High  Score  28 

Obtained  Low  Score  Q 

Obtained  High  Score  26 

Number  of  Scores  618 

Blf^nk  Scores  0 

Invalid  Scores  0 

Valid  Scores  618 
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Item  Distractors 

A  B         C         D  E  Omit 

1    Prop    0.17  0.02  (0.63)  0.05  0.13  0.01 

RPBI  -0.38  -0.11  (0.45)-0.14  -0.04  -0.22 


2  Prop  (0.52)  0.13 
RPBI  (0.49)-0.31 

3  Prop    0.05  0.04 
RPBI  -0.16  -0.13 

4  Prop 
RPBI 

5  Prop 
RPBI 

6  Prop 
RPBI 

7  Prop 
RPBI 

8  Prop  (0.63)  0.08 
RPBI  (0.35)-0.07 

9  Prop    0.11  0.47 
RPBI  -0.13  -0.05 

10  Prop    0.09  0.09 
RPBI  -0.14  -0.06 

11  Prop    0.12  0.07 
RPBI  -0.03  -0.08 


0.08  0.06  0.18  0.03 

-0.15  -O.Oe  -0.12  -0.22 

0.10  0.05  (0.68)  0.08 

-0.16  -0.J2  (0.44)-0.27 

0.06 
-0.27 

C.Ol 
-0.20 

0.01 
-0.20 

0.03 
-0.22 

0.10  0.06  0.08-  0.05 
-0.16  -0.08  -0.10  -0.26 

(0.19)  0.14  0.04  0.05 
(0.34)-0.04  -O.ll  -0.14 

0.15  0.04  (0.57)  0.06 
-0.16  -0.14  (0.36)-0.14 

0.05  (0.28)  0.41  0.07 
-0.10  (0.38)-0.12  -0.23 


0.03  (0.67)  0.08  0.11  0.06 
-0.14  (0.53)-0.20  -0.26  -0.14 

(0.54)  0.19  0.06  0.17  0.02 
(0.48)-0.20  -0.13  -0.26  -0.05 

0.02  (0.88)  0.00  0.02  0.07 
-0.05  (0.36)-0.06  -O.i;  -0.27 

0.12  0.04  (0.69)  0.C3  0.09 
-0.09  -0.15  (0.29)-0.04  -0.11 


0.10  0.06 
-0.16  -0.08 

(0.19)  0.14 
(0.34)-0.04 


12  Prop    0.28  (0.22)  0.05    0.29    0.12  0.04 
RPBI  -0.07  (0.40)-0.17  -0.09  -0.04  -0.24 

13  Prop  (0.37)  0.05    0.25    0.15    0.10  0.08 
RPBI  (0.40)-0.08  -0.03  -0.21  -0.il  -0.20 

14  Prop    0.20    0.18  (0.41)  0.08    0.04  0.08 
RPBI  -0.16  -0.12  (0.44)-0.07  -0.09  -0.24 

15  Prop    0.04    0.55    0.11  (0.13)  0.06  0.11 
RPBI    0.04  -0.06  -0.17  (O.Jl)-0.04  -0.07 

Item  Distractors 


IRT  parameters 
ABC 

0.82-0.12  0.20 

1.01  0.43  0.20 
0.99-0.29  0.20 

1.24-0.25  0.20 

0.98  0.42  0.20 

0.64-2.79  0.20 

0.23-1.36  0.20 

0.62-0.19  0.20 

1.80  1.81  0.11 

0.57  0.13  0.20 

1.13  1.47  0.20 

1.78  1.61  0.12 

0.86  1.50  0.20 

1.17  0.89  0.20 

1.32  1.73  0.10 

IRT  parameters 
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A         B         C         D         E      Omit  ABC 

16  Prop    0.08    0.02    0.21  (0.34)  0.30    0.06      1.51  1.13  0.20 
RPBI    0.01  -0.14  -0.21  (0.48)-0.13  -0.30 

17  Prop    0.09  (0.43)  0.01    0.29    0.13    0.05      0.93  0.93  0.20 
RPBI  -0.17  (0.45)-0.08  -0.13  -0,12  -0.29 

18  Prop    0.04    0.06    0.09    0.09  (0.61)  0.10      0.46-0.08  0.20 
RPBI  -0.08  -0.13  -0.J3  -0.07  (0.40)-0.30 

19  Prop  (0.22)  0.17    0.12    0.07    0.24    0.19      1.68  1.56  0.15 
RPBI  (0.38)  0.00  -0.07  -0.02  -0.08  -0.24 

20  Prop    0.11     0.46    0.16  (0.19)  0.05    0.04      1.05  2.24  0.12 
RPBI  -0.10    0.04  -0.10  (0.26)-0.07  -0.21 

21  Prop    0.12  (0.32)  0.25    0.13    0,13    0.05      0.55  2.06  0.20 
RPBI  -0.04  (0.27)-0.01  -0,14  -0.11  -0.12 

22  Prop    0.02     0.03  (0.40)  0.17    0.31    0.07      0.75  1.11  0.20 
RPBI  -0.11  -0.05  (0.28)-0.12  -0,06  -0.16 

23  Prop    0.30    0.10    0.17    0.11  (0.14)  0.17      2.00*1.59  0.11 
RPBI  -0.05  -0.16  -0.01     0.10  (0.33)-0.20 

24  Prop    0.11     0.45  (0.24)  0.10    0.01    0.09      1.54  1.65  0.19 
RPBI  -0.13     0.15  (0.25)-0.24  -0.09  -0.21 

25  Prop    0.06    0.05    0.23  (0.47)  0.11    0.09      0.37  1.05  0.20 
RPBI  -0.08  -0.08  -0.03  (0.27)-0.11  -0.17 

26  Prop    0.21  (0.4C)  0.14    0.06    0.07    0.13      0.75  0.90  0.20 
RPBI  -0.03  (0.31)-0.08  -0.13  -0.11  -0.16 

27  Prop    0.11     0.09    0.11    O.Oo  (0.53)  O.JO      1.30  0.24  0.20 
RPBI  -0.16  -0.13  -0.25  -0.09  (0.50)-0.21 

28  Prop  (0.30)  0.31    0.02    0.09    0.17    0.11      1.10  1.56  0.20 
RPBt  (0.33)  0.04  -0.06  -0.14  -0.13  -0.22 
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ALTERNATIVE  FRAMEWORK  OF  STUDENTS  IN  MECHANICS  AND  ATOMIC  PHYSICS 
METHODS  OF  RESEARCH  AND  RESULTS 

Hans  Ni«dderer 
University  of  Bremen,  F.R.of  Germany 

1.  INTRODUCTION 

Our  approach  to  research  and  improvement  of  physics  teaching  on  the  high 
school  level  is  centered  around  three  aspects: 

(1)  Our  o*m  investigations  since  1970  (e.g.  Niedderer,  1972)  as  well  as 
the  work  of  many  cither  authors  all  over  the  world  (cf.  Duit  1985, 
Frey  1984,  Helm  1983,Pfund  1987)  seem  to  converge  in  building  up  a 
strong  paradigm  for  research  in  science  education:  Learning  pro- 
cesses are  based  on  students*  frameworks  and  conceptions.  Therefore 
it  is  necessary  to  investigate  how  students  get  their  conceptions 
about  physical  phenomena  and  is sues. Correspondingly,  our  first  airn 
is  to  investigate  the  students*  "matrix  of  underding"  (see  below)  in 
various  thematic  fields  (mechanics,  atom  physics)  of  high  school  and 
college  physics. 

(2)  Starting  froTi  a  teaching  project  "Theory  of  Science  and  Physics  Tea- 
ching", we  hav«  tried  to  apply  the  results  of  the  so-called  "New 
Philosophy  of  Science"  (Lakatos,  Kvhn,  Feyerabend,  Toulrain  et  al.: 
cf.  Brown  1977)  to  our  research  of  science  teaching.  This  resulted 
in  defining  the  concept  "matrix  of  understanding"  (which  is  to  bs 
described  below).  We  are  convinced  that  the  process  of  learning  is 
determined  for  each  stud-jnt  by  this  "matrix  of  understanding".  From 
this  hypothesis  we  have  developed  a  new  approach  to  physics  teaching 
which  centers  around  students*  questions,  expectations  and  ideas 
("SchOlecvorverstandnis  orientierter  Physikuntert icht"  -  SVU) .  This 
view  of  physics  teaching  is  similar  to  that  of  R. Driver,  R.Osborne 
and  others.  An  additional  aim  of  this  kind  of  teaching  is  to  give  a 
mors  realistic  picture  of  physics  to  the  students.  In  two  investiga- 
tions of  our  group,  Baumgart,  KrOger  and  Schecker  evaluated  that 
teachers  and  students  mostly  havje  a  naivs-empiristic  view  of  methods 
and  results  in  physics.  (KrQger  1982).  In  the  courss  of  dlscuoeing 
concepts,    experiments  and  phenomena  we  therefore  put  in  information 
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about  the  historical  background  and  show  parallsls  between  histori- 
cal issues  and  students'  interpretations. 


(3)  It  is  our  conviction  that  there  has  to  be  a  connection  between  re- 
search in  science  education  and  the  development  of  new  learning  ma- 
terials for  students  and  teachers.  We  do  not  develop  complete  curri- 
cula (as  ve  did  in  the  early  70s),  but  special  units  in  addition  to 
current  physics  teaching.  For  these  purposes  we  cooperate  with  about 
20  physics  teachers  whom  we  supply  with  teaching  materials,  historic 
cal  texts,  new  experiments  and  interesting  issues  for  discussion. 
They  give  us  the  opportunicy  to  gain  information  from  their  physics 
courses  through  tests,  interviews  with  their  students  and  recordings 
of  lessons. 

2.  THE  CONCEPT  "MATRIX  OF  UNDERSTANDING" 

From  works  of  Kuhn  (1976),  Lakatos  (1974),  Holzkamp  (1968)  and  others  we 
have  learned  that  the  process  of  knowing  in  physics  is  determined  by 
belief  systems  concerning  relevant  subject  matters,  goals  and  methods 
which  guide  the  acts  of  discovery  (e.g.  in  experiments).  While  Kuhn 
speaks  of  "paradigms"  or  "disciplinary  matrices"  and  Lakatos  of  "re- 
search programs"  -  concepts  aiming  at  scientific  communities  -  we  call 
the  respective  ensemble  of  cognitive  guidelines  referring  to  an  indivi- 
dual person  in  an  act  of  discovery  the  "individual  matrix  of  understan- 
ding" (cf.  Niedderer  1975,  Redeker  1981,  Niedderer  1982b).  An  individual 
matrix  of  understanding  is  the  corpus  of  all  dispositions  that  influence 
the  way  a  person  deals  with  a  certain  group  of  phenomena  or  problems. 
When  students  are  confronted  with  a  problem,  certain  diepositions  from 
this  set  are  activated  and  influence  observations,  ideas,  descriptions, 
tentative  explanations  or  the  formulation  of  findings. 

An  individual  matrix  of  understanding  consists  of  two  mai..  groups  of 
elements: 

1.  General  elements  (relevant  in  more  or  less  all  fields  of  physics 
teaching) : 

-  general    interests    and    frameworks    (basic    characteristics  of 
approaching  physical  phenomena) 
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-  ideas  about  subject  matters,  goals  and  methods  of  physics 
(epietemological  ideas) 


2.  Specific  elements  (relevant  in  epecial  subjects,  e.g.  mechanics 
or  atomic  physics): 

-  interests  in  special  subjects 

-  preconcepts  about  particular  scientific  terms,  principles,  laws 

-  specific  knowledge  and  experiencee. 

These  two  groups  are  intertwined  as  will  be  shown  in  the  following  exam- 
ples. 

The  matrix  of  understanding  (mOU)  ie  a  -^pothetical  construct.  Its  po- 
stulation  can  be  juctified  by  showing  it  to  be  a  valid  instrument  for 
interpreting  and  understanding  students*  behaviour,  especially  their 
difficulties  in  learning. 

The  sets  of  elements  from  individual  MOUs  among  a  sufficiently  homoge- 
nous population  (eame  age  group  and  comparable  amount  of  physics  in- 
struction) can  be  reduced  to  a  limited  core  of  typical  broad-based  ele- 
ments. The  aim  of  this  reduction  is  to  mp.ke  the  rpectnim  of  MOUs  wore 
comprehensible  and  provide  teachers  with  a  manageable  collection  of  cen- 
tral frameworks,  preconcepts  and  intereets.  We  call  the  conmon  core  of 
comprehension-guiding  elements  in  a  certain  field  of  physics  the  "thema- 
tic MOO".  It  can  be  structured  in  the  same  way  as  an  individual  MOU  (see 
above) . 

3.   RESEARCH  PROGRAM 

The  goal  .of  our  research  program  -  whJch  is  described  and  applied  in 
detail  in  Schecker  (1985)  -  is  to  develop  thematic  MOUe  e.g.  in  mecha- 
nics and  atomic  physics  that  enable  ue  to  understand,  i.e.  to  recon- 
struct the  behaviour  of  students  i-  concrete  instructional  settings. 
Empirical  data  about  the  way  students  react  to  the  presentation  of  cer- 
tain physical  phenomena  and  issues  form  the  basis  of  our  research  pro- 
gram. 
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This  research  program  contains  several  qualitative  and  quantitative  me- 
thods (see  below).  The  findings  of  these  investigations  are  related  to 
specific  hypothetical  elements  of  the  matrix  of  understanding  (mOU)  to 
supply  argximents  for  agreement  or  disagreement  with  thoee  hypotheses. 
The  whole  process  is  based  on  systematical  interpretation  rather  than 
classical,  empirical  calculations.  The  process  typically  goes  through  6 
stages  (see  also  Fig.1): 

1.  Gaining  a  first  empirical  basis  from  interviews,  qreationnaires 
and  audio-recordinrs  of  physics  lossons  (Dataset  I). 

One  of  the  main  tasks  in  this  stage  is  to  transcribe  classroom — 
dialogues:  What  do  students  actually  eay  and  do  in  physics  courses 
(high  school  level)? 

2.  Collecting,  arranging  and  presenting  the  etudents*  typical  state- 
ments, questions,  ideas,  mistakes,  difficulties.  (Ordered  extracts 
front  Dataeet  I ) . 

3.  Making    hypotheses  about  elements  of  individual  MOUs  that  can  ex- 
plain   the    documented    behaviour.    Relating  behaviour  in  specific 
situations  to  more  general  cognitive  structures. 

The  generation  of  those  hypotheses  is  related  to  discussions  about 
new  ide*»»  in  physics  teaching  (see  below)  and  thus  this  process  is 
connecting  empirical  research  to  those  ideas  of  improvement. 

4.  Forming  the  common  core  of  elements  that  have  proved  to  be  inpor- 
tant  for  interpreting  students "behaviour:  Thematic  MOU. 

5.  Expanding  the  empirical  basis,  preferably  by  new  recordings  of 
physics  lessons  (Dataset  II). 

6.  Testing  the  postulated  thematic  MOU  on  its  capacity  to  reconstruct 
comprehensively  students*  actual  behaviour  by  an  interaction  with 
the  respective  situational  settings.  (Examplee  are  taken  from  the 
new  Dataset  II) . 
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1  General  Idea 

A  lot  of  researchers  in  the  field  of  empirical  studies  have  made  the 
following  experience:  You  have  done  substantial  work  with  a  lot  of 
data  but  the  results  do  -ot  mean  very  much  in  practice.  To  overcome 
thle  problem  we  try  to  app.y  the  following  principles: 

Generate  hypotheses  on  the  bwis  of  theoretical  dipcussions  about 
the  improvement  of  physics  teaching  and  on  qualitative  data 
gained  in  physics  lessons 
-  combine  qualitative  methods  (recordings  of  classroom  lessons,  in- 
terviews) with  quantitative  methods  (questionnaires,  tests)  to 
get  data  that  are  related  to  those  hypotheses  (to  give  evidence 
for  or  against  a  hypothesis  I). 

Our  background  perspective  for  generating  hypotheses  can  be  summari- 
zed in  four  aspects: 

(1)  Our  view  is  strongly  influenced  by  the  "new  philosophy  of  scien- 
ce". It  follows  that  we  are  Interested  in  the  students'  philosophy 
of  science  with  respect  to  their  ideas  of  the  relation  between  theo- 
ry and  experiment,  their  expectations  of  aims  in  physics,  their  ge- 
neral way  of  dealing  with  concepts  (compared  with  ways  in  everyday 
life  or  technics  or  physics). 

(2)  We  consider  the  learning  of  science  to  be  a  generative  proceso 
(Osborne  1983b,  Wolze  1986).  We  think  this  is  similar  to  the  so-cax 
led  "conetructivist  view  of  learning"  (Kelly  1955,  Strike  1982). 
That  means  we  are  interested  in  students'  tools  of  scientific  work 
and  their  metatheoretical  conceptions »  e.g.  methods  they  prefer  in 
their  own  working  process  (e.g.  working  with  formula,  taking  empiri- 
cal data,  discussion  about  analogies,  etc.) 

(3)  We  have  developed  and  tested  in  practical  phyoics  teaching  a  new 
teaching  strategy  (cf.  Niedderer  1987)  which  is  strongly  related  to 
studento'  own  questions  and  ideas,  their  own  work  and  their  own  for- 
mulations   of    results.  Therefore  we  look  for  students"  interests, 
thoir  associations  and  questions. 

(4)  We  take  the  physicist'  s    formulations  of  concepts,  principle« 
and  laws  as  the  basis  against  which  we  compare  the  students'  alter- 
native views  and  their  conceptions. 
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4.2  Single  Qualitative  Mothode 

(1)  Audio-recordings  of  physics  lessons.  This  is  our  main  method  of 
gaining  data.  He  take  audio-recordings  of  physics  lessons,  which  are 
then  transcribed  and  put  into  a  process  of  interpretation  (see  Fig.l 
above).  This  method  guarantees  that  our  results  relate  to  practical 
teaching  situatio;)8.  The  material  is  especially  useful,  when  tea- 
chers allow  for  the  discussion  among  students. 

(2)  Open  expe  ' -"^^t-*:!  interview  (cf.  Bormann  1987).  This  method  is  a 
kind  of  clinit  >i  .erview  like  Piaget*  s.  It  typically  starts  with 
a  first  experiment  (e.g.  Hallwachs  effect,  electron  diffraction  tu- 
be), which  is  carried  out  by  the  interviewer  without  any  (physical) 
explanation.  The  students  (typically  three  students  in  one  group) 
are  asked  to  write  down  tneir  first  explanations  on  a  sheet  of  pa- 
per. This  gives  us  data  for  further  evaluation.  Each  student  has  to 
find  his  own  first  view  before  discussing  it  with  one  another.  The 
students  are  then  invited  to  discuss  the  experiment »  to  ask  que- 
stions and  to  make  proposals  foi  additional  experiments.  This  alto- 
cether  is  called  stage  one.  It  can  last  from  thirty  minvtes  to  one 
and  a  half  hours. 

The  whole  interview  has  got  two  to  four  stages.  A  new  stage  is  star- 
ted by  thf>  interviewer  with  a  new,  short  piece  of  information  (e.g. 
a  new  experiment  or  a  theoretical  hint  or  a  short  passage  from  a 
textbook    or    a    historical  paper). 

(3)  Other  additional  interviews  during  group  work  in  lessons  or  af- 
ter filling  in  a  questionnaire. 

4.3  Single  Quantitative  Methods 

(1)  Questionnaires  with  thinking-type  quertions.  Those  questions  are 
different  from  ordinary  questions  in  lessons.  Hardly  any  calcula- 
tions are  necessary,  but  the  studentf  need  a  qualitative  understan- 
ding of  the  underlying  concepts  and  laws.  Example  (Schecker  1985, 
p. 113): 


An  ivory  bull  la  being  shot  'rom  a 
catapult  and  bounces  against  a  steel 
block  In  A  distance  of  about  t  m. 

This  experiment  is  set  up  on  a  billiard 
table.    Fig. 2  shows  some  action  shots 
during    the  experiment. 

Put  a  v-t  diegram  into  the  coordinate 
s/stem  to  show  t'hn  process  of  the 
experiment. 
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(2)  Tests  asking  for  associations  or  a  definition  of  a  single 
word  or  concept,  e.g.  force,  energy i  atom,  en     v  level. 

(3)  Tects    or.    interests.    A  set  of  statements  like    "To  measure  the 
speed  of  a  moving  car"    are  to  be  scaled  from  1  (I  don't  like  this 
at  all)  to  5    (1  should  like  this  very  much). 

(4)  Questionnaires  with  open  answers  where  students  are  asked  to 
describe  their  views  of  certain  aims  and  methods  of  physics^ 

5.  RESULTS  ON  ALTERNATIVE  FRAMEWORK  OF  STUDENTS 

As  discussed  above  we  apply  the  concept  "matrix  of  understanding  (MOU)" 
to  structure  the  findings  and  hypotheses  about  students*  alternative 
frameworks.  In  the  following  I  shall  present  sowo  results  in  reference 
to  the  four  aspects  of  our  background  perspective  listed  above: 

(1)  Elements    of  the  MOU  describing  the  students'  philosophy  of  science 
(see  ^.1 ). 

(2)  Alternative  metatheoretical  concoptions  (see  5.2). 

(3)  Interests  of  students  (see  5.3). 

(4)  Students'  al^ernative  concepts  in  physics  (see  5.4). 

5.1  Elements  of  the  MOU  Describing  the  Students'    Philosophy  In  Science 
First,  I  discuss  a  general  diffei    ^.ce  between  theories    in    ecie'.re  and 
"theories"    in    everyday    life:  Science  is  aimed  at  general  theories  and 
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qtneral  concepte,  uaeful  in  a  variety  of  situations,  whereas  descrip- 
tions in  everyday  life  are  always  related  to  eingle  specific  situations 
(cf.  Whine  1981,  Redeker  1978).  This  has  consequencee  in  subject  mattsr 
ideae  as  well  as  in  interests  and  in  th3  concept  formation  by  students. 

In  relation  to  this  result  of  science  philosophy  Schecker  (1985)  found 
several  elements  of  the  MOU  (EM)  which  will  be  described  now  with  selec- 
ted examples  for  evidence. 

EH  1:  The  Task  of  Physics  (subject  matter) 

Students  think  physics  should  investigate  specific  single 
problems  of  every-  day  life  with  sophisticated  methode. 

ExaiBple  1^:  The  following  two  iteme  were  part  of  a  questionnaire 
"conceptions  about  philosophy  of  science*^  <N  ■  449). 

I 

A1)    Phyeicists  have  to  investigate  procssses    we    meet  in 

everyday  life  mor  exactly,  mors  systematically  and  more  eoph^- 
sticated  than  ''normal  people"  can  do. 

A5)    The  aim  of  physics  is  to  find  general  concepts.  Physics  is  not 
so  much  interested  in  special  results  for  epecific  problems. 

Resulcs:    A1   :  +91%       -    4%         7  4% 

A5  :  +19%        -  62%  719% 

+:  agreement,         disagreement,  7:  no  answer  (Schecker  1985,p«160)« 

Thie  means  that  students  tend  to  agree  with  statement  A1 .  For  them 
specific  reeults  in  single  problems  are  more  important  in  physics 
than  general  concepts. 

Example .2;    Prom  an  open  question  in  the  same  questionnaire  Schecker 
comes  to  the  following  typee  of  etudents'     arguments  for  the  rele- 
vance of  physics: 

-  In  everyday  life  we  use  concepts  which  are  defined  by  physics.  "We 
need  physics  to  compute  the  velocity  of  people,  of  a  car,  a  train, 
etc." 

-  Phenomena  of  everyday  life  are  explained  by  physics:  "Physics  ex- 
plains why  you  tend  to  fall  forward  if  the  train  stops". 
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-  Physics  explains  how  technical  machines  work:  "Today  physics 
is  everywhere,  in  cars,  rockets,  weather,  airplanes,  etc." 

In  all  these  types  of  answers  students  see  physics  in  connection 
with  single  specific  probleme  or  technical  machines.  Students  reply 
strongly  to  the  capability  of  physics  to  be  helpful  in  everyday  li- 
fe. Sometimes  this  is  combined  with  complaints  on  physics  teaching: 
"Such  things  (single  probleme)  are  too  seldom  taken  up  in  phyfics 
teaching.  Mostly  we  learn  something  about  "physics"  and  we  don't 
know  why.  That  is  not  interesting". 

EM  2:  Students  tend  to  eolve  theoretical  and    abstract    probleme  by 
transforming  them  into  concrete  situations  of  the  real  world. 

Example  3:  A  working  paper  for  university  students  (first  semester) 
contained  the  following  question: 

"A  ball  is  rolling  down  an  inclined  plane  and  immediately  afterwards 
rolling  up  a  similar  inclined  plane  <no  energy  loss).  Is  this  perio- 
dic movement  a  harmonic  oscillation  7  Give  x(t),  v(t),  and  a(t)  in  a 
graph  t " 

From  11  students  3  did  not  answer,  becauee  they  said  they  did  not 
understand  the  question.  They  had  drawn  the  two  planes  correctly  but 
they  supposed  that  this  could  not  be  meant^  because  the  ball  would 
spring  at  the  edge,  that  would  cauee  an  energy  loss  and  that  was 
excluded  in  the  question  1  2  students  reformulated  the  problem:  it 
should  be  a  circular  plane.  6  students  worked  on  the  problem  in  the 
"right"  way,  but  two  of  them  asked  similar  questions  before  (Schek- 
ker  1985,  p. 138). 

This  shows  how  students  refuse  an  abrtraction  of  a  problem  because 
they  work  with  special  concrete  reai.  'tions  in  their  minds.  Their 
concrete  realization  "shows"  them  a  picture  of  a  jumping  ball  I 

Other  similar  examples  show  how  students  can*  t    "forget"  friction 
because  they  use  their  concrete  images  of  special  processes  in  their 
environment.    We  have  transcripts  of  classroom  situations,  where  the 
teacher  tries  to  idealize  the  motion  of  falling  bodies  in  a  horizon- 
tal motion  with  constant  velocity  and  e  vertical    motion    with  con- 
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etant    acceleration.    Students  don*t  grasp  these  ideas  because  they 
discuss  in  detail  the  influence  of  air  friction  on  the    velocity  of 
special    movements.    Students  in  those  cases  often  really  don*t  un- 
derstand what  the  teacher  aims  at. 

But  there  are  also  students  who  distinguish  between  specificated  and 
generalized  viewpoints  in  a  discussion  of  a  specific  phenomenon:  "If 
there  is  no  resistance  of  air,  the  velocity  will  increase.  It  will 
become  more  and  more  infinite  but  it  will  never  really  reach  infini- 
ty... If  we  take  air  resistance  into  account,  we  will  definitely 
reach  a  maximum  velocity**. 

A  corrolary  to  EMI  is  EM3,  formulated  in  terms  of  students*  inter- 
ests: 


EM  3:    Students  are  specially  interested  in  specific  phenomena 

(e.g.  single  experiments)  whereas  physics  or  physicists  or 
physics  teachers  are  interested  In  special  phenomena  only  as 
examples  for  a  general  concept  or  theory. 

Example  4:  In  a  classroom  situation  students  were  allowed  to  state 
their  own  questions  and  hypotheses  around  the  problem:  What  does 
ace  -  ^ration  depend  on  (a  «  f(777))  ?  The  students  examined  special 
cgg^g  of  acceleration  (a  locomotive,  a  car  on  an  inclined  plane,  a 
car  accelerated  by  the  wind  of  a  hairdryer,  ate.)  and  formulated 
corresponding  questions  inventing  special  forces  for  each  example. 

Other  examples  show  that  students  are  interested  in  solving  single 
problems  in  all  details.  Students  invest  a  lot  of  work  in  describing 
and  investigating  such  details  of  a  special  experimental  apparatus. 

EM  4:    Students  are  more  interer«ted  in  practical  and  technical  pro- 
blems than  in  the  generalized  structure  of  a  phenomenon. 

Example  5i  In  a  thinking-type  question  students  were  asked  to  dis- 
cuss the  problem  why  a  car  may  leave  the  road  when  driving  round  a 
curve.  In  spite  of  the  explicit  physics  context  of  the  item  30%  of 
the  students  used  only  technical  terras  in  the  discussion  of  this 
problem.  They  discussed  the  influence  of  rain,  ice,  driving  too 
fast,  bad  reaction  of  the  driver.  Only  about    40%    of    the  students 
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used  a  physical  viewpoint  I  (Schecker  1985,  p. 231  ff). 


Secondly  I  now  discuss  some  elements  of  the  students'  MOU  concerning 
the  relation  between  experiment  and  theory.  While  an  empiristic  view 
tends  to  see  theories  develop  from  a  logical  analysis  of  primarily 
found  experimental  data,  a  rationalistic  view  says  on  the  contrary, 
that  experiments  are  **only**  realizations  (cf.  Holzkamp  1968)  of 
theories  which  were  contrived  before. 

EM  5:    Students  tend  to  hold  an  empiristic  view.  They  think  that 

physics  leada  to  unique  theories  which  come  out  of  exect  and 
sophisticated  experimentc  and  measurements.  The  theoretical 
viewpoint  at  the  beginning  of  an  experiment  is  less  impor- 
tant. 

Evidence  to  this  result  is  given  by  two  earlier  investigations  in 
our  group  (Krflger  1982).  He  found  that  most  students  (about  70%) 
tend  to  hold  an  empiristic  view  (theories  are  verified  by  experi- 
ments, formulas  give  an  objective  description  of  nature,  theoretical 
knowledge  comes  out  of  experiments,  etc.)  Schecker  (1985)  gives  more 
examples  from  current  physics  teaching  and  a  new  questionnaire. 

The  elements  EM  1  to  EM  5  of  the  students'  matrix  of  understanding 
(MOU)  show  parts  of  a  picture  of  the  students'  philosophy  oi:  scien- 
ce. They  show  big  differences  between  the  viewpoint  of  physics  and 
that  of  the  students.  While  the  first  four  elements  are  supposed  to 
be  due  to  everyday  life  thinking  (aimed  at  specific  situtrions  and 
not  at  generalized  concepts),  the  fifth  element  probably  is  a  **re- 
sult**  of  physics  teaching  itself:  Teachers  tend  to  spend  ver'-  little 
time  on  reasoning  about  questions,  hypotheses  and  theoretical  back- 
ground before  starting  an  experiment.  The  observations  and  results 
from  every  experiment  are  given  quickly  and  in  a  straight  way  (be- 
cause of  the  lack  of  time)^ 

5.2  Elements  of  the  Students'  MOU  Describing  Metatheoretical 
Conceptions 

Schecker  (1985)  has  found  six  elements:  Thinking  in  properties,  thinking 
in    an    activity-scheme    ( causality- thinking) ,    thinking  in  purposes  and 
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aimt^,  thinking  in  analogies,  using  formulas  as  u^inant  language  of  phy- 
sics, global  thinking. 

All  these  dimensions  can  be  useful  tools  for  the  student  to  start  deve- 
loping own  explanations,  questions,  theoretical  backgrounds.  They  allow 
him  to  begin  a  process  in  which  he  activates  his  own  thinking  and  this 
is  the  beet  for  learning.  Most  of  these  elements  have  been  found  by  many 
others,  too.  (cf.  Jung  1981a). 

5.3  Students'    Interests,  Especially  in  Mechanics 

To  allow  for  students'  own  activities  to  enable  "learning  as  generative 
process"  it  is  most  relevant  to  know  their  interests  as  a  kind  of  direc- 
tion of  motives.  We  already  have  described  two  interests  above  (EM  3  and 
EM  4) ,  which  are  very  important  to  find  strategies  for  a  generative  pro- 
cess: Students  should  get  the  chance  to  work  on  a  single  phenomenon  and 
it  is  useful,  if  there  is  a  technical  or  practical  component.  As  for 
mechanics,  Schecker  (1985,  p. 243  ff)  has  found  a  specific  interest: 

EM  6:  Students  prefer  to  discuss  dynamic  aspects  of  motion.  Kinema- 
tic descriptions  have  less  importance  for  them.  They  ask  more 
questions  about  causes,  forces  and  energy  than  about  the  func- 
tions x(t) ,  v(t) ,  a(t) . 

Example  6:  In  a  word  association  test  on  "motion"  most  associations 
(30%)  came  from  acceleration  and  velocity.  Force  and  energy  had  less 
than  20%.  This  result  does  not  give  evidence  for  EM  6.  We  still  keep 
the  hypotheses  becaur    of  strong  evidence  from  other  sources. 

Example  7:  In  several  classroom  dialogues  Schecker  (1985)  shows,  how 
teachers  tend  to  consider  primarily  kinematic  "descriptions"  of  mo- 
vements (in  the  first  part  of  a  mechanics  course),  whereas  students 
insist  on  discussing  causes,  forces  and  energy.  Very  often  there  are 
misunderstandings  in  these  lessons. 

Ek ample  8:  In  a  special  teaching  concept,  students  investigated  with 
their  own  questions  and  own  experiments  the  general  problem:  What 
are  the  conditions  for  acceleration  (a  •«  f  (???))  ?  The  high  degree 
of  student  participation  in  this  teaching  process  was  due  to  the 
fact,    that    this    activity    -  to  find  causes,  forces,  etc.  -  is  the 
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main  specific  interest  of  students  in  this  area  t  (cf.  Niedderer 
1987) . 


5.4  Motion  and  Forces  -  Elements  of  the  MOU  in  Mechanics 
In  accordance  with  international  research  on  conceptual  frameworks  in 
mechanics  (Arons  1981,  Champagne  1980,  Clement  1982,  Jung  1981a/1981b, 
McCloskey  1983,  Schenk  1983,  Trowbridge  1981,  Viennot  1979,  Warren  1979, 
Watts  1983,  Whitaker  1983)  the  findings  of  Schecker  (1985)  show  strong 
coimnon  trends  in  the  students'  difficulties  and  their  alternative  con- 
ceptualisations of  mechanical  terms.  The  parallelism  of  these  results 
justifies  the  effort  of  constructing  the  "matrix  of  understanding"  (MOU) 
concerning  mechanical  phenomena  and  problems.  We  will  here  concentrate 
on  elements  that  centre  around  the  concept  of  "force".  After  describing 
central  frameworks  and  preconcepts,  an  example  taken  from  a  lesson  about 
the  collision  of  bodies  will  illustrate  the  MOU'  s  explanatory  power. 

The  most  relevant  general  finding  is,  that  the  concept  "  force"  of  stu- 
dents varies  from  one  situation  to  the  other.  It  has  a  special  meaning 
in  a  specific  single  situation.  On  the  other  hand  the  concept  "force"  in 
physics  has  one  general  meaning  for  all  situations.  This  is  due  to  the 
same  difference  between  physics  and  everyday  life  as  discussed  above  in 
5.1:  Prt^jics  is  aimed  at  general  theories  for  a  great  variety  of  situa- 
tions, whereas  everyday  life  is  only  using  statements  about  single  spe- 
cific situations.  We  call  the  corresponding  type  of  concepts  a  "cluster 
concept" . 

For  most  students  "force"  is  a  cluster  concept,  even  after  being  taught 
Newtonian  Mechanics  for  weeks  and  months. Vicrnot  (1979,  p. 208)  calls  it 
an  "undifferentiated  explanatory  complex".  The  word  "force"  is  used  in  a 
great  variety  of  physically  different  meanings:  Newtonian  force,  momen- 
tum, potential  and  kinetic  energy,  torque,  time  integral  of  force  etc. 
Cluster-concepts  like  "force"  or  "heat"  sharpen  out  their  meanings  in 
concrete  conmunicative  situations.  Boehme  (1981,  p. 94)  speaks  of  "inde- 
xicality":  terms  in  everyday  language  are  vague  in  their  general  con- 
tents, but  precise  in  contexts.  Students  know  that  it  has  different  im- 
plications to  speak  of  a  fast  moving  body  "having  much  force"  or  of  a 
"force  being  exerted"  upon  a  body. 

It    must    be    stressed  that  students  do  not  simply  take  the  same  word  to 
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denominate  concepte  that  they  Imolica^tely  ^distinguish.  The  ^juter-con- 
cept  "force"  covers  a  wide  fisld  oi  phenot  <)na  and  problems.  "Force  of 
motion",  "force  of  impact",  "accelerating  force"  are  different  modes  of 
one  universal  explanatory  scheme.  They  are  considered  to  be  essentially 
the  same  things.  "Force  of  motion"  can  changed  into  "force  of  impact" 
during  a  collision.  The  "force  of  the  mover"  is  passed  over  to  an  object 
as  "force  of  motion".  Newtonian  force  as  an  outer  accelerating  influence 
0:1  a  body  is  just  another  facet.  This  does  not  mean  that  students  do  not 
make  any  distinctions  at  all.  Most  o.  them  learn,  for  example,  to  asso- 
ciate the  correct  formula©  needed  to  solve  standard  test  items.  But  the 
distinction  is  not  that  between  a  relational  concept  "force"  or  "energy" 
or  "momentum"  as  categories  of  a  quantity  type.  "Force,  "energy"  or 
"momentum"  are  all  three  eeen  as  interchangeable  substances  or  proper- 
ties of  bodies.  A  student  who  was  asked  whether  he  found  it  necessary  to 
discriminate  between  the  three  terra  put  it  that  way:"  Well,  of  course 
it*  s  necessary.  After  all  they  are  different  forces". 

So  Schecker  (1985)  comes  to  another  element  of  the  MOU  specific  for  me- 
chanics: 

EM  7:  Force  is  a  general  activity  potential.  Bodies  in  motion  have 
(possess)  force.  A  force  is  acting  in  the    direction    of  mo- 
tion.   Motion  occurs  in  the  direction  of  the  resultant  of  all 
acting  forces. 

The    meaning  of  force  has  nothing  to  do  with  formulas  (e.g.  F 
«  m  •  a)  which  are  only  used  for  calculations.  Especially 
force  is  not  restricted  to  acceleration. 

Force  is  a  cluster-concept    which  gets  its  special  meaning 
only  in  a  specific  context. 

5.5  Interpretation  of  Students*  Behaviour  on  the  Basis  of  the  MOU 
The  following  example  is  taken  from  an  A-level  course  in  physics 
(students  aged  16  to  17;  six  lessons  a  week).  The  preceding  units  dealt 
with  kinetics  and  inelastic  collisions.  Subject  of  the  present  unit  is 
"force".  The  students  have  learned  about  Newton'  s  laws  and  the  relation 
between  force  and  momentum.  A  number  of  problems  have  been  solved  using 
the  formulas  "F  •  m  .  a"  and  "  ^p  •  F#A  t". 
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Teacher:  I  want  to  examine  the  relation  between  forces  and  momentum 
at  the  example  of  collisions.  Let*  s  take  two  cars  that 
collide  on  a  horizontal  track.  (T.  draws  a  diagram).  Well, 
they    somehow    collide    with  each  other.  Don't  think  about 
how  they  moved  before.  What  can  we    say    about    the  forces 
that  are  exerted  7 

Peter:      Those  which  the  two  cars  exert  on  each  other  during  the 
experiment  ? 

Teacher:  Well,  they  have  just  started  to  collide.  The  spring  has 
been  compressed  a  bit.  What  can  we  say  about  the  forces 
right  at  this  moment  7 


While  the  teacher  aims  at  the  momentary    magnitudes    of    the  forceo 
during    the    interaction    (F^^^    .    .  F^^^  )  peter  is  probably 
thinking    of  "forces"  "during  the  experiment",  i.e.  of  "forces"  that 
the  cars  "have"  and  that  enable  them  to  act    upon    each    other .  This 
point  of  view  is  obvious  in  the  next  statement: 


volker:    Well,  I  seo  it  that  way:  The  spring  stores  up    force  for 

a  moment.  The  spring  is  compressed.  That  means  that  it  is 
acted  upon  in  some  way.  And  then  the  spring  gives  back  this 
force. 

Teacher:  You'  ve  introduced  an  additional  point:  a  force  is  necessa- 
ry   to    compress    the  spring.  But  let^s  concentrate  on  the 
influence  of  car  A  on  car  B  and  vice    versa.    This    is  the 
important    aspect    for    the  behaviour  of  both  cars. 
Martin:    The  force  of  one  car  is  passed  over  to  the  other.  This 

happens  on  both  sides.  The  force  of  car  A  is  passed  over  to 
B  and  the  force  of  B  to  A. 
Teacher:  Car  A  exerts  a  force  on  car  B.  This  force  can  only    be  ex- 
erted  in  this  direction  (Teacher  points  from  left  to  right) 
.  It    is    not    important  at  the  moment,  how  big  the  force  ac- 
tually is  or  how  it  changes  during  the  collision.    But  how 
big  is  the  force  that  is  oxerted  by  B  on  A  7 
Students:  (no  answer) 

Teacher:  This  is  a  matter  of  action  and  reaction.    How  big 
is  this  second  force  7 


We    can    clearly    see,    how    teacher  and  students  misunderstand  each 
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other.  They  use  "force*  in  compiately  different  waye.  When  the  tea- 
cher speaks  of  the  force  that  B  exerts  on  A|  it  is  the  reaction  to 
^ ^  «-»  ♦  The  students  speculate  about  forces  that  the  care  "have" 
because  of  their  motion  before  the  collision  -  forces  that  enab?e 
them  to  act  upon  each  other  and  to  compress  the  spring.  These  forces 
are  changed  between  the  cars  after  being  stored  intermediately  in 
the  spk-in9.  The  students  keep  their  sights  on  the  transmission  of 
"force" . 


Volker:    Well,  it'  s  exactly  the  force  that  existed  before.  When  A 

is  standing  before  the  collision  and  B  has  a  velocity i  then 
afterwards  A  moves  on  into  the  same  direction  with  the  same 
velocity  as  before  car  B. 

Teacher:  At    the    moment    we    are  tslking  about  forces  at  s  certain 
point  of  time  during  the  collision  -  not  about  what  happens 
later.  Let*     s  imagine  we  could  attach  a  force>meter  to  one 
car  that  shows  us  car  A  pushes  against    B    with    a  certain 
force  •  With  what  force  does  B  push  against  A  then  7 

Arno:        I  should  say  it  is  jusl   .he  other  way  round.  That  is  the 
force  . 

Teacher:  That's  just  a  name  -  how  big  is  this  force  7 

Arno:        I  should  say*  if  this  mechanical  process  is  without 

friction  I  then  the  force  should  be  the  some. 
Teacher:  ¥eS|  the  same  -  but  there  is  one  difference  ...  (Teacher 

is  interrupted). 


It  is  not  quite  clear  what  Arno  means.  He  may  be  reflecting  upon  a 
reaction  force.  But  his  last  sentence  casts  some  doubt  upon  this 
interpretation.  •'Friction"  refers  to  the  energy  aspect  of  the  clu- 
ster-concept "force":  No  "force"  is  lost  during  the  collision.  The 
teacher  seems  to  believe  that  Arno  is  thinking  of  the  "right"  thing. 
His  last  remark  is  meant  to  hint  at  the  direction  of  F^  .  .  But 
he  ie  interrupted  by  Ingo. 

Ingo:        How  can  it  be  the  same  7  If  the  forces  were  different 
before  I  then  they  can't  be  equal  now. 

Teacher:  There  seems  to  be  a  problem  with  this  term  "force".  What  do 
you  mean  by  "the  force  that  A  had  before"  7  This  cai*  is 
just    moving  along  at  a  certain  speed.  Where  shall  there  be 
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Ingo: 


a  force  7 

The  car  n.ust  have  its  motion  from  pomewhere,  so  that  it 
started  to  move  at  all. 
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Ingo'  8  statement  shows  the  coupling  of  motion  with  "force". This 
"force"  has  been  given  to  the  car  when  it  was  set  into  motion.  Stu- 
dents often  consider  the  question,  how  a  certain  movement  hcs  come 
about,  to  be  important  for  the  description  of  it«  momentary  state 
Teacher  and  ntudents  go  on  discussing  the  problem  of  forces  during 
a  collision  for  thirty  minutes.  Although  the  teacher  is  insisting  on 
it,  only  two  students  take  over  the  aspect  of  interacting  forces. 
The  majority  keep  on  talking  about  "the  forces  of  the  cars"  and 
about  "transmission  of  force".  The  restriction  of  force  to  a  purely 
relational  concept  meets  with  strong  opposition  in  the  cluster-mea- 
ning of  "force"  as  a  property  of  bodies  or  a  general  "capacity  for 
action".  In  the  chosen  lesson  the  communicative  conflict  lies  at  the 
surface.  In  many  lessons  mutual  misunderstanding  remains  under  the 
surface,  because  the  students  do  not  get  the  opportunity  to  express 
their  real  thoughts.  Formal  faculties  to  solve  numerical  problem« 
often  cover  conceptual  deficits. 

6.  PRELIMINARY  RESULTS  IN  ATOMIC  PHYSICS 

There  seem  to  be  very  few  research  activities  in  students'  alternative 
framework  in  the  field  of  atomic  physics  and  especially  quantum  physics 
all  over  the  world,  (cf.  Pfund,  Duit  1987).  This  situation  causes  diffi- 
culties and  uncertainties  for  the  interpretation  process.  Therefore  we 
tend  to  be  more  modest  in  our  expectations  of  the  renulcs.  At  the  pre- 
sent stage  documenting  observations  and  students'  statements  about  con- 
cepts and  theories  is  more  important?  the  aim  of  lornulating  elements  of 
the  MOU  is  perhaps  not  attainable  within  the  fir8C  step. 

The  following  preliminary  results  are  parts  of  the  running  doctoral 
theses  of  two  members  of  my  research  group: 

-  Mftlte  Bormann:  Students'     Alternative    Framework    in    the  Field 
of  Particle  and  Wave  Models  of  Light  and  Electrons    (Bormann  1987) 

-  Thomas  Bethge:  Students'  Alternstive  Frameworks  in  the  Field  of  Bohrd 
and  Schrddinger'  s  Model  of  the  Atom    (Bethge  1987). 
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Some  results  ere  from  a  former  co-worker  in  my  group  (Bayer  1986). 


6.1  General  Aepecte 

One  reason  for  the  scarcity  of  research  work  in  this  field  is  perhaps  a 
different  relation  of  atomic  physics  to  everyday  life  which  causes  a 
different  structure  -  perhaps  a  more  variable  one  -  of  the  MOO.  In  mo- 
chanicp  there  are  many  associations  to  everyday  language  and  to  everyday 
actions.  So  we  have  to  account  for  elaborated  structures  independent 
from  physics  teaching.  One  general  hypothesis  we  follow  in  the  field  of 
atomic  physics  is  that  the  students  •  slternative  frameworks  aire  mainly 
influenced  by  their  MOU  in  mechanics.  This  is  shown  in  the  following 
diagram: 


PopularoBcientif ic  literature  or 
TV-featureson  atoms 


Everyday  life   In  nwchanjc^yH^^^HOTTin  atomic  p^^^jg^ 


1 


(?) 


Earlier  teaching  in  i 
physics  and  chemistry 
on  atoms  j 


(1)  :    Strong    relations    because  of  language,  actions, 

coimunication,  reality,  etc. 

(2)  :    Parts  of  the  thematic  MOU  in  mechanics  determine 

students'  own  thinking  concerning  atomic  physics 

(3)  .  :    specific  parts  of  knowledge  which  are  stable  in  memory, 

because  they  are  in  g-od  accordance  with  parts  of  the 
MOU  in  mechanics. 

This  means  that  in  a  threefold  way  mechanical  thinking  can  be  expec- 
ted to  be  dominant  in  students •    thinking  in  atomic  physics.  Perhaps 
this  is  also  an  explanation  for  the  preference  of  the  Bohr  model  of 
the  atom  by  students  (and  teachers  as  well). 


er|c 


660 


W.  diecusa  a  .econd  general  hypotheeia:  The  elen«nta  of  phllo.ophy 
Of  aclence  h.ld  by  »tudenta  in  the  field  of  atomic  phyalca  ahow  aome 
new  aapecta.  For  inatance,  we  have  obaerved  that  atudenta  seem  to 
accept  idealizations  more  easily.  On  the  other  hand  many  of  the  ge- 
net al  elements  of  the  MOU  in  mechanics  can  be  found  here,  too:  Thin- 
king in  analogies  (for  photon  or  electron);  thinking  in  properties 
(light  has  colour;  atoms  bear  the  properties  of  solids);  models  are 
taken  aa  reality  and  if  there  are  more  models,  they  are  combined 
(assimilated).  A  special  observation  has  been  made  in  respect  to 
fonnulas:  the  smaller  number  of  formulas  and  cf  quantitative  pro- 
blems lead  students  to  some  doubt  about  the  quality  of  these  theo- 
ries. 

6.2  Particle-Wave  Synthesis 

The  atomic  physics  course  in  grade  13  normally    starts    with    light  and 
electrons    as    particles    and  waves.  The  so-called  -dualism"  is 

Often  connected  with  the  notion,  that  electrons  or  light  in  one 
experiment  are  particles  and  in  another  experiment  are  waves.  To  avoid 
this  unsatisfactory  double  nature  we  give  the  students  the  idea  that  a 
new  model  called  "quant-  is  needed  which  is  a  synthesis  of  both.  This 
approach  is  likely  to  meet  students •  interests  because  they  generally 
tend  to  combine  different  models  to  one  (see  above). 

In  three  experimental  interviews  with 

-  the  electron  diffraction  tube 

-  tho  double-slit  experiment  with  electrons  (demonstrated 
with  pictures  and  diagrams)  and 

-  The  Ramsauer  effect  (pictures  and  diagrams) 

Bormann  (1987)  investigated  students^  own  efforts  to  find  such  a  synthe- 
sis  for  the. electron.  Mainly  he  found  three  conceptions: 

(1)  The  "strict"  particle  view 

Students  looked  at  electrons  as  particles  moving  along  straight 
lines.  The  observations  of  electron  distributions  were  explained 
by  collisicns. 

(2)  The  particle  moving  along  a  wave 
The  electron  is  a  particle  (mas^,  velocity,  orbit). 
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This    particle    moves  along  a  wave-orbit.  The  electron  ia  the 
oscillator  of  the  wave, 
(3)  The  formal  wave  conception 

The  diffraction  pattern  is  explained  by  on  electron  wave.  Either 
the  electron  is  a  wcve  itself  or  there  is  a  new  kind  of  wave 
(which  is  influenced  by  a  magnetic  field). 

In  addition  Bormann  works  on  the  following  hypotheses: 

-  The    particle    view  is  easier  fcr  students  to  understand  than  the 

wave  view. 

-  The  electron  is  a  "real"  parti  he  photon  is  a  sort  of 
•♦energy  particle**. 

-  Photons  and  electrons  are  primarily  particles  which  should  have 
some  wr/tj  pro,  ^rties  to  explain  special  r-^phisticated  experi- 
ments. 

6,3  Model  of  the  Atom 

Our  course  aims  at  a  Schr6dinger  model  of  the  atom  which  contains  stan- 
ding probability  waves  which  give  the  probability  density  of  the  elec- 
tron. Most  teachers  start  with  the  Bohr  model  and  th-an  come  -  with  more 
or  less  hesitation  -  lo  the  wave  model  of  the  atom.  We  start  with  simple 
standing  waves  in  simp*  potential  wells  and  Moe  computer  simulations 
and  mechanical  models  for  explanations. 

One  thinking-type  question  of  Bethge  is  the  following: 

The  wave  function  of  an  electron 
in  a  potential  well  is  given  in 
the  diagram,  a)  mark  the  possible 
place  of  the  electron  at  different 
times  in  the  diagram,  b)  Give  a 
short  explanation  1 
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Bethge  found  four  types  of  diagrams  at  the  end  of  the  course (W  » /fj^ : 
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(1)  The  electron  moving  with 
constant  velocity 


45\ 


0 


(2)  Similar  as  (1),  but  with 
few  statistic  dates 


15% 


(3)  The  correct  answer  (maxi- 
mum density  at  the  maxi- 
mum of  the  sine  function) 


25% 
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(4)  Always  at  the  same  position 


0 


(5)  No  diagram  6% 

This  result  tells  us:  Most  students  think  of  electrons  in  a  square  well 
potential  as  moving  like  a  classical  particle  with  constant  velocity 
from  left  to  right  and  back  again. 

Some  other  preliminary  statements  are: 
Electrons  in  the  atom 

-  The  atom  is  stable  because  of  the  motion  of  the  electron 
"  Orbit  and  energy  level  have  similar  meaning  (♦'state") 

-  The  concept  of  orbit  is  mixed  with  the  concept  of  probability 
densi  ty. 

Students  often  come  to  a  conception  of  "smeared"  orbits  (Bayer  1986): 


-  Electrons  move  along  wave  orbits  around  the  nucleus  (de  BrogHe'e 
picture  is  often  used  by  teachers). 

gnergy/Spectr a/Energy  level 

-  Discrete  light  spectra  do  not  strike  students  as  issues  for  closer 
examination 

-  The  same  goes  for  discrete  energy  levels:  They  are  accepted  ess 
simple  facts  not  worth  further  consideration. 

-  Students  tend  to  use  energy-conservation-thinking  when  discussing 
light  absorption  and  similar  problems.  The  energy  concept  is  often 
used  in  "difficult"  situations  ?s  a  general  activity  source  (com- 
pare 5.4 ) . 

-  Light    emission  spectra  are  explained  by  absorption.  Light  cannot 
be  "produced"  by  an  atom,  light  is  "everywhere",  it    can    only  be 
obsorbed  or  changed  by  atoms. 

Resonance 

-  The  interaction  of  waves  often  is  explained  by  resonance    (e.g.  photo 
effect,  absorption  of  light,  Ramsauer  effect). 

These  preliminary  results  show  difficulties  for  th-  learning  process 
toward  a  wave  model  of  the  atom:  mechanical  thinking  in  orbits  of  clas- 
sical particles  i«  very  dominant  and  tends  to  lead  to  misunderstandings 
of  a  quantum  model.  Perhaps  thc/e  is  one  chance:  That  students  construct 
a  new  model  of  the  "quant"  for  themselves  in  a  slow  generative  process, 
using  parts  of  their  own  models  of  a  particle  and  a  wave,  with  many 
chances  to  bring  forward  own  ideas  of  modeling  the  atom  and  comparing 
these  own  ideas  with  historical  or  modern  views  in  science.  It  seems  to 
be  necessary  to  prepare  such  a  course  by  an  illustrative  course  on  waves 
and  especially  standing  waves  in  one,  two  and  three  dimensions  using 
mechanical  waves,  sound  waves  and  electron* onetic  waves. 
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HUMAN  CONSTRUCTIVISM:    Toward  a  Unity  of  Psychological 
and  Episcemological  Meaning  Making 

Joseph  D.  Novak 
Cornell  University 

Introduction 

Constructivism  is  becoming  one  of  the  common  words 
tossed  about  by  psychologists,^  philosophers  and  educators. 
Depending  on  the  user's  orientation,  the  word  has  some  kind 
of  reference  to  the  idea  that  both  individuals  and  groups  of 
individuals  construct  ideas  about  how  the  world  works.     It  is 
also  recognized  that  Individuals  vary  widely  in  how  they  make 
sense  out  of  the  world  and  that  both  individual  and 
collective  views  about  the  world  undergo  change  over  time 
Constructivism  is  seen  in  contrast  to  positivism,  logical 
positivism  or  empiricism  that  holds  "true"  knowledge  is 
universal  and  stands  in  a  kind  of  one-on-one  correspondence 
with  the  way  the  world  really  works.    The  goal  of  knowing  is 
to  discover  this  true  knowledge.    This  paper  wi'.i  examine 
approaches  developed  over  the  years  by  our  research  group 
(and  other  colleagues)  to  study  ?nd  describe  a  view  of 
learning  and  knowing  that  I  will  call  human  constructivism. 
I  shall  argue  that  it  is  important  to  link  a  viable  theory  of 
huraan  cognitive  learning  with  contemporary  ideas  in 
epistemology .     I  begin  with  consideration  of  how  humans 
learn. 

Human  Learning 

For  iilmost  three  quarters  of  a  century  the  domina.it  view 
of  learning  was  that  a  stimulus  ^S)  from  the  environment 
produced  a  response  (R)  from  the  organism  and  with  repetition 
an  S-R  bond  was  formed  such  that  given  S  was  almost 
inevitably  associated  with  a  given  R.     Although  this 
associationist  or  behavicrist  theory  of  learning,  based 
largely  on  animal  experimentation  in  laboratories,  never 
gained  popularity  in  much  of  the  world,  in  North  America 
associationist  views  were  not  only  popular  but  most 
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alternative  "theories"  of  learning  were  eschewed  or 
ridiculed.    The  rigid  prescriptive  nature  of  associationist 
psychology  was  consistent  with  and  supported  by  the  widely 
held  positivist  or  empiricist  views  of  the  nature  of 
knowledge  and  knowing  made  popular  by  Francis  Bacon  in  1620 
and  later  by  Karl  Pearson  (190C;  and  a  hoard  of  philosophers 
of  the  "Vienna  School".    The  leading  philosophers/ 
epistemologists  of  the  early  twentieth  century  worked  to 
establish  the  hegemony  of  positivism  by  the  1930* s  and  40*s 
B.F.  Skinner's  Behavior  of  Organism  published  in  1938  was  the 
epitome  of  wedding  associationist  psychology  wiub  positivist 
epistemology  in  an  alliance  that  virtually  swamped  out  other 
psychologies  of  learning  in  North  America.     The  hegemony  of 
associationist  ideas  dominated  psychology  and  education  until 
the  1970" s.    The  failure  of  these  ideas  to  describe  and 
predict  how  scholars  produce  knowledge  and  how  humans  learn 
allowed  new  views  of  knowledge  as  "paradigm"  construction 
(Kuhn,   1962)  and  evolving  populations  of  concepts  (Toulmin, 
1972)  to  emerge.    In  psychology,  cognitive  views  began  to 
take  hold  and  concern  with  meanings  of  knowledge  as  held  by 
individuals  began  to  dominate. 

My  own  studies  of  learning  began  in  1955  with  an  effort 
to  understand  parameters  of  problem  solving  ability  in  «^he 
context  of  a  coll*>ge  botany  course  (Novak,  1957)  .  Rejecting 
the  dominant  associationist  theories  of  the  1950* s,  I  tried 
to  design  my  research  and  a  test  of  problem  solving  ability 
(Novak,  1961)  on  the  basis  of  a  cybernetic  model  (Wiener, 
1948,  1954)  of  learning  and  an  evolving  "conceptual  schemes" 
view  of  epistemology  expressed  in  Conant's  (1947)  On 
Understanding  Science.    This  model  of  learning  considered  the 
mind  as  an  information  processing  unit  wherein  knowledge 
storage  and  information  (knowledge)  processing  were  separate 
components,  with  the  latter  being  relatively  stable  over  time 
and  the  knowledge  store  varying  over  time  with  new 
information  and  "feedback"  information.     The  difficulty  with 
the  cybernetic  model  for  me  was  that  my  Ph.D.  thesis  data  and 
subsequent  research  data  all  pointed  in  a  dir^^ction  that 
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suggested  information  processing  capacity  and  acquisition 
rate  for  new  information  was  highly  dependent  upon  the  prior 
relevant  knowledge  store  and  the  context  of  the  problem 
solving  or  learning  task  (See  Novak,  1977a,  Chapter  8).  When 
Ausubel's  Psychology  of  Meaningful  Verbal  Learning  was 
published  in  1963,  we  saw  immediately  a  better  match  between 
our  research  results  and  his  assimilation  theory  of  human 
learning.    It  took  another  decade,  however,^  for  our  research 
group  to  become  comfortable  with  Ausubel's  theory  and 
subsequently  to  modify  and  extend  the  theory  in  our  work 
(Ausubel,  Novak  and  Hanesian,  1978).    During  this  decade  we 
also  moved  from  predominantly  paper  and  pencil  testing  to 
adaptation  of  Piaget's  clinical  interview  techniques  (Pines, 
et  al,  1978). 

The  principal  contribution  of  Ausubel' s  theory  was  it's 

emphasis  on  the  power  of  meaningful  learning,  as  contrasted 

with  rote  learning,  and  the  evplicitness  with  which  he 

described  the  role  that  prior  knowledge  plays  in  the 

acquisition  of  new  knowledge.     In  the  epigraph  to  both  his 

1968  and  1978  editions  of  Educational  Psychology  A 

Cognitive  View.  Ausubel  stated: 

If  I  had  to  reduce  all  of  educational  psychology  to 
lust  one  principle,  I  would  say  this:    The  most 
important  single  factor  influencing  learning  is 
what  the  learner  already  knows.    Ascertain  this  and 
teach  him  accordingly. 

Ausubel  was  not  the  first  to  emphasize  the  importance  of 
prior  knowledge  in  new  learning.    Bartlett's  (1932)  theory  of 
memory  held  that  "schemes"  influence  perception  and  recall  of 
information,  In  a  way  similar  to  that  where  schemes  are  seen 
to  operate  in  contemporary  "cognitive  science"  views  of 
learning  and  retention  (see  for  example  Estes,  1978).  In 
contrast,  assimilation  theory  places  central  emphasis  on 
cognitive  processes  involved  in  acquisition  of  knowledge  and 
the  role  that  explicit  concept^  and  propositional  frameworks 

We  define  conceot  as  a  perceived  regularity  in  events 
or  objects  des ignated' by  a  label.    Most  concept  labels  are 
words  and  most  of  the  460,000  words  in  the  English  language 
are  concept  labels,  many  used  to  represent  several  different 
"'..egularities" .     Propositions  are  two  or  more  concepts  linked 
to  Form  a  meaningful  statement,  e.g.j  "sky  is  blue."    For  a 
good  discussion  of  how  children  acquire  early  concepts  and 
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play  in  acquisition.    Kelley's  (1955)  "personal  construct 
psychology"  also  gave  emphasis  to  the  role  of  prior  leainmg 
in  new  learning,  but  not  with  an  emphasis  on  specific  concept 
and  propositional  frameworks.    Kelley  saw  prior  learning 
resulting  in  a  "reperatory  grid"  of  generic  traits  or 
-personal  constructs"  that  influence  how  a  person  will  think 
or  respond  to  a  new  experience.     It  was  also  Ausubel 's 
emphasis  on  school  learning  that  has  made  his  theory  useful 
to  us.   In  his  Psychology  of  MeAningful  Verbal  Learning. 
Ausubel  first  developed  his  assimilation  theory  of  cognitive 
learning  showing  how  school  learning  could  be  made  meaningful 
and  that  didactic  instruccion  or  reception  learning  need  not 
be  rote.    The  then  popular  idea  that  discovery  learning, 
where  the  learner  recognizes  independently  the  r*»gc»lari ties 
or  concepts  to  be  learned  as  a  viable  alternative,  was 
rejected  and  he  showed  instead  that  didactic  (reception) 
teaching  could  lead  to  meaningful  learning.     His  idea  of  an 
"advance  organizer"  that  could  serve  as  a  kind  of  cognitive 
bridge  between  new  knowledge  to  be  learned  and  existing 
relevant  concepts  and  propositions  in  the  learner's  cognitive 
structure  was  one  of  Ausubel's  most  researched  ideas,  with 
most  studies  showing  that  advance  organizers  did  not 
facilitate  learning  if  principles  of  meaningful  learning  were 
not  applied  or  evaluation  failed  to  test  for  meaningful 
learning.     (Ausubel,  1980.;      The  Piagetian  idea  of  age- 
related  general  "stages"  of  cognitive  development  which  limit 
new  learning  has  been  rejected  by  our  group  in  favor  of  the 
idea  that  the  quantity  and  quality  of  relevant  concept  and 
propositional  frameworks  are  the  primary  limiting  factor  in 
new  learning  or  problem  solving,  and  these  are  age-related 
primarily  m  an  experiential  rather  than  developmental  manner 
after  about  age  four  (Novak,  1977b:  1982). 

A  continuing  problem  for  teachers  and  researchers  who 
hold  that  prior  knowledge  is  an  important  variable  in  new 
learning  has  been  how  to  "assess  what  the  learner  already 
knows."    Various  paper  and  pencil  tests  haye  been  tried,  but 

proposition  meanings  (and  word  labels),  see  Macnamara,  1982. 


Che  general  consensus  is  chat  these  /»*e  comparatively  crude 
measures  of  prior  learning,  accounting  perhaps  for  only  ten 
percent  of  variance  in  total  functional  knowledge  held  by  an 
individual.    Clinical  interviews  have  emerged  as  much  more 
trusted  indicators  of  the  quality  and  quantity  of  relevant 
knowledge  a  learner  possesses,  but  interview  transcripts  are 
notoriously  laborious  and  difficult  to  interpret.  Moreover, 
interviewing  is  not  an  evaluation  tool  teachers  can  use  in 
routine  class  evaluation. 

A  significant  breakthrough  occurred  in  our  work  when 
we  devised  and  refined  the  technique  of  "concept  mapping"  as 
a  tool  to  represent  conceptual/propositional  frameworks, 
either  as  derived  from  clinical  interviews  or  as  constructed 
by  the  learners  in  our  studies.     Concept  mapping  subsequently 
proved  to  be  a  useful  tool  in  planning  instruction  and 
helping  students  "learn  how  to  learn"  (Cardemone.  1975; 
Bogden,   1977;     Stewart,  et  al,  197  9;     Gurley,  1982;  Novak. 
Gowin  and  Johansen,  1983;    Novak  and  Gow/in.  1984;  H02,  1987; 
Hoz,  Kozminsky  and  Bowman,  1987;  Alvarez  and  Risko,  1987; 
Pankriatius  and  Keith,  1987).    A  concept  map  used  to  plan 
this  paper  is  shown  in  Figure  1.    Two  examples  of  concept 
maps  drawn  from  interviews  with  Phil  are  shown  in  Figure  2. 
representing  this  student's  understanding  of  the  particulate 
nature  of  matter  in  grade  2  and  10  year's  later  in  grade  12. 
(Fig  1  &  2  about  here) 
Concept  maps  serve  as  a  useful  tool  to  illustrate  key 
ideas  in  assimilation  theory.    Acquisition  of  new  knowledge 
may  range  over  a  continuum  from  rote  learning  to  highly 
meaningful  learning  (see  Figure  3).    Most  school  learning  is 
relatively  verbatim,  arbitrary  and  nonsubstantive,  and  this 
is  illustrated  in  Figure  2.     Our  subject  (Phil)  learned  about 
molecules  in  grades  one  and  two  (through  specially  designed 
audio- tutorial  lessons)  and  later  learned  about  atoms,  but 
his  concept  of  molecule  and  atom  were  never  adequately 
assimilated.  As  a  result,  in  grade  12,  Phil  believed  that 
molecules  are  made  of  atoms  but  erroneously  believed  that 
gases  are  made  only  of  atoms.    We  also  see  persistence  of  the 
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idea  (misconception)  that  smell  molecules  or  sugar  molecules 
dissolve  into  water  molecules  and  hence  move  with  the  water 
molecules.     In  extreme  cases  of  rote  learning  we  observe  that 
students  may  be  able  to  {^ive  a  correct,  verbatim  definition 
of  a  concept  but  cannot  relate  it  substantively  to  other 
concepts  in  their  concept  map.    Ihis  is  seen  frequently  in 
class  instruction  when  concept  maps  are  used  as  an  evaluation 
tool,  especially  after  a  short  unit  of  study.  Most 
information  learned  by  rote  is  forgotten  in  three  to  six 
weeks,  unless  it  is  much  rehearsed  and  "overlearned"  in  which 
case  it  may  be  recalled  years  later  but  is  not  relatable  to 
other  relevant  knowledge  the  person  holds. 

(Figure  3  about  here) 
Two  key  additional  ideas  in  assimilation  theory  are 
progressive  differentiation  and  integrative  reconciliation. 
As  new  concepts  are  linked  non-arbitrarily  to  an  individuals 
cognitive  structure  (represented,  for  example,  in  a  concept 
map),  progressive  differentiation  occurs.     In  our  example, 
assimilation  of  the  concept  of  atom  led  to  some 
differentiation  of  Phil's  cognitive  structure.  Recognition 
that  different  atoms  make  up  different  elements  also  showed 
cognitive  differentiation.     Integrative  reconciliation  occurs 
when  sets  of  concepts  are  seen  in  new  relationships.  Phil 
did  "change  his  mind"  about  the  composition  of  matter  but 
failed  to  integrati vely  reconcile  how  gases  (or  anything 
else)  can  be  made  of  molecules  and  their  component  atoms.  He 
also  failed  to  reconcile  the  concept  that  molecules  may  move 
independently  in  a  fluid  and  smell  or  sugar  molecules  are  not 
absorbed  into  water  molecules.     Part  of  the  learning 
difficulty  of  Phil  was  his  failure  to  acquire  a  valid 
superordinate  concept  of  the  particulate  nature  of  matter  a^d 
to  integrate  atoms  and  molecules  into  this  concept. 
Superoidinate  learning  occurs  only  rarely,  since  subsumption 
IS  usually  possible  and  sufficient,  but  when  it  occurs, 
significant  Integrative  reconciliation  of  subordinate  concept 
structures  usually  results,^  and  also  further  concept 
differentiation. 
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Figure  1 


:    A  concept  m-.p  showing  the  key  concepts  and  propositionspresented  in  this  paper. 
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Two  concept  maps  drawn  from  interviews  with  a  student  (Phil) 
in  grade  2  (top)  and  grade  12  (bottom).    Note  that  even 
after  jur.ior  high  school  science^  biology^  physics  and 
chemistry^  Phil  has  not  integrated  concepts  of  atoms  and 
molecules  with  states  of  matter  nor  corrected  his  misconception 
that  sugar  or  smell  molecules  are  "in"  water  molecules. 
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Meaningful 
Learning 


.  Creative 
production 


Non-arbJtrary.  non-verbatim,  substan- 
tive incorporation  of  new  knowledge 
into  cognitive  structure. 

Deliberate  effort  to  link  new  know- 
ledge with  higher-order,  more 
inclusive  concepts  in  cognitive 
structure. 

Learning  related  to  experiences  with 
events  or  objects. 

Affective  commitment  to  relate  new 
knowledge  to  pnor  learning. 


_  Most  school 
learning   


Rote 
Learning 


Arbitrary,  verbatim,  non-substantive 

incorporation  of  new  knowledge 

into  cognitive  structure. 
No  effort  to  Integrate  new  knowledge 

with  existing  concepts  in  cognitive 

structure. 
Learning  not  related  to  experience 

with  events  or  objects 
No  affective  commitment  to  relate  new 

knowledge  to  prior  learning. 
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Concept  maps  are  a  cool  or  heuristic  to  illustrate 
cognitive  or  meaning  frameworks  Chat  individuals  possess  and 
by  which  they  perceive  and  process  experiences.     If  new 
experiences  provide  a  basis  for  meaningful  learning,  new 
concepts  will  be  added  to  an  individual's  concept  map  and/or 
new  relationships  will  be  evident  between  previous  concepts 
Over  time  concept  relationships  may  take  on  new  hierarchical 
organization,  as  observed,  for  example,  by  Cullen  (1984)  in  a 
college  chemistry  course  where  the  concept  ot  en -ropy  was 
eithei  not  known  or  held  a  subordinate  position  in  students' 
cognitive  structure.    After  instruction  using  a  specially 
designed  study  guide  emphasizing  the  entropy  concept,  it 
became  a  superordinate  concept  in  those  students  who 
demonstrated  the  best  understanding  of  chemistry  principles. 
Similar  results  have  been  reported  by  Hoz  (1987),  Feldsine 
(1987),  and  others.    Experts  differ  from  novices  in  a  field 
of  study  not  only  in  that  they  have  more  concepts  integrated 
into  their  cognitive  frameworks  but  also  in  the  kind  of 
conceptual  hierarchies  they  possess  and  the  quality  and 
extent  of  propositional  linkages  they  possess  between 
subordinate  and  superordinate  concepts.     (See  for  example, 
Chi.  Feltovich  and  Glaser,  1981;  Novik,   in  pre^*;).  Concept 
maps  are  proving  to  be  a  useful  tool  to  identify  2id  help 
students  "correct"  misconceptions,  as  several  papers  m  this 
and  our  earlier  seminar  illustrate  (Helm  &  Novak,  1983). 

There  is  a  growing  body  of  evidence  on  the  neurobiology 
of  brain  function  that  suggests  new  learning  involve?  not 
multiple  neuron  to  neuron  linkages  and  hundreds  or  eve.i  tens 
of  thousands  of  neuronal  linkages  may  be  involved  in  the 
acquisition  of  a  single  new  concept.     Moreover,  greater  or 
lesser  numbers  of  axons  and  aendrites  of  each  neuron  may  be 
involved  and  varying  degrees  of  synaptic  transmitter  or 
inhibitor  channels  may  be  formed  at  each  synapse      The  net 
effect  is  that  new  learning  of  a  single  concept,  if  it  is 
substantively  incorporated  through  meaningful  learning,  vill 
involve  many  neurons  in  many  regions  of  the  brain,  and 
constructive  neuronal  changes  may  continue  for  hours  or  days 
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after  learning.     During  learning,^  neurons  not  only  form  new 
synapses  with  one  another  and  new  channels  for  secretion  of 
transmitter  chemicals,^  but  also  transmission  inhibiting 
compounds  may  be  secreted.    This  may  account  in  part  for 
"learning  shock"  and  retroactive  interference,^  two  observed 
psychological  phenomena  where  previously  learned  material  is 
not  recallable  perhaps  until  a  later  point  in  time.  T^is 
delayed  facilitation  effect,  or  short  term  inhibition,,  may  be 
illustrated  in  a  concept  map.    When  a  single  concept  is  added 
to  and  individual's  concept  map  -hrough  meaningful  learning 
all  linked  concepts  in  that  persons  cognitive  structure  will 
be  modified  over  time  to  some  extent       Maps  drawi»  at  a  later 
date  often  show  some  new  or  different  linkages,  and 
occasionally  some  significant  new  "cross  -  links"  that  may 
reprebent  new  integrative  reconciliation  of  prior  concepts. 
The  "creative  insights,"  reported  in  biographies  of  genius,, 
occurring  often  days  or  weeks  after  intense  study,  are  also 
evidence  of  gradually  changing  neural  (and  psychological) 
networks.      All  related  concepts  and  propositions,  at  least 
in  some  small  way,,  take  on  new  meanings.     The  implications  of 
current  knowledge  in  neurobiology  as  it  relates  to  concept 
napping  is  discussed  more  extensively  by  MacGinn  (1987). 

We  expect  to  see  further  evidence  from  studies  of 
brain  functioning  to  be  even  more  supportive  of  concept  maps 
as  valid  indicators  of  learning  and  also  support  for  their 
effectiveness  as  a  kind  of  metaphor  to  relate  psychology  of 
human  learning  wxth  the  neurobiology  of  human  brain 
functioning.     During  ray  sabbatical  studies  at  the  University 
of  West  Florida  next  year,^  I  pi      ,o  explore  vith  Professor 
Dunn  possible  relationships  between  neural  activity  patterns 
observed  using  brain  encephalographic  scans  (Dunn,  1987)  and 
patterns  of  concept  map  construction  prior  Co  and  following 
cognitive  learning  tasks.     No-hing  may  come  of  this,  but  Dunn 
believes  (personal  communication)  chat  relationship  between 
encephalographic  scans  and  concept  map  production  may  be 
found  for  selected  subjects.     If  so.   the  results  could  be 
provocative  at  the  least. 
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Knowledr'e  Creation 

That  huoans  learn  is  self  evident.     It  is  also  self 
evident  that  humars  construct  new  knowledge,  for  the  store  of 
knowledge  in  any  culture  increases  with  time.    What  is  not 
self  evident  are  the  processes  by  which  humans  construct  new 
knowledge.    As  civilization  emerged  from  the  Dark  Agp-;, 
knowledge  about  the  universe  and  the  workings  of  nature  began 
to  expand  at  an  evei  increasing  rate.    Oriental  cultures 
continued  to  advance  and  were  not  constrained  by  the  Dark 
Ages;    however,  it  was  in  the  Western  cultures  where  the 
scientific  experiment  was  invented  and  modern  science  began 
to  blossom.      It  was  natural  that  numerous 
philosophers/epistemologists  should  begin  to  write  their 
descriptions  of  how  humans  increased  this  knowledge  store. 
For  Francis  Bacon  (1620),  Karl  Pearson  (1900)  and  many  other 
early  epistemologists ,  the  truth  lay  waiting  In  nature. 
Man's  task  was  to  "discover"  these  truths  by  careful 
observation  and  experimentation.    Communities  of  scholars 
emerged  who  described  various  views  on  how  nature*s  secrets 
were  to  be  unearthed  and  "truth"  revealed.     Bacon  (1620) 
wrote: 

The  subtly  of  nature  is  far  beyond  that  of  sense  or 
or  the  understanding:  so  that  specious  meditations 
oPinsanity^  (p^l07)°^^^^       mankind  are  but  a  kind 

And  much  later  Pearson  (1900)  wrote: 

The  civil  law  is  valid  only  for  a  special  community 
at  a  special  time;  the  scientific  law  is  valid  for 
aij,  normal  human  beings,  and  is  unchanging,   (p  87) 

The  right  of  science  to  deal  with  the  beyond  sense- 
impressions  is  not  the  sjbject  of  contest,  for 
science  confessedly  claims  no  such  right.     (p  HO) 

With  the  accelerating  pace  of  "scientific  discovery"  in 

the  twentieth  century,  many  philosophers,  scientists  and 

mathematicians  turned  their  substantial  intellectual  tplents 

to  the  study  of  epistemology ,  especially  the  epistemology  of 

science.    The  more  popular  varieties  of  epistemology  gave 

careful  attention  to  tests  for  truth  and  falsity  and  criteria 

to  be  applied.    These  scholars  known  variously  as 

positlvlsts,  logical  positivists  or  empiricists,  placod 
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central  emphasis  on  "proof  and  refutation."    The  reign  of 

"positivist"  epistemology  was  nearly  absolute  until  the 

middle  of  the  twentieth  century.    One  of  the  problems  of  this 

epistemology  is  that  it  did  not  attract  much  interest  from 

scientists  and  mathematicians- -perhaps  because  it  did  not 

help  them  do  what  they  were  doing.     It  was  probably  not 

surprising  that  outstanding  scholars/scientists  such  as  James 

Conant  should  have  been  the  first  to  espouse  what  Brown 

(1979)  called  "the  new  philosophy  of  science."    And  when 

Conant' s  protege,  Thomas  Kuhn,  published  his  Structure  of 

Scientific  Revolutions  (1962)  the  ^alls  of  the  positivist's 

bastion  began  to  crumble.     Even  from  within,  the  positivist 

protege,  Karl  Popper,  moved  away  from  positivism  and  in  his 

1982  book  he  wrote: 

Everybody  knows  nowadays  that  logical  positivism  is 
dead.    But  nobody  seems  to  suspect  that  there  may 
be  a  question  to  be  asked  here  -  the  question  'Who 
IS  responsible?'  or,  rather  the  question  'Who  had 
done  it?*...  I  fear  that  I  must  admit 
responsibility,     (p  88) 

As  Strike  (1987)  has  noted,  positivists  were  not  fools 
and  they  knew  that  huir'^n  understanding  was  built  on  more  than 
a  "logic  of  discovery."    What  they  uniformly  failed  to 
describe  was  how  humans  construct  concepts  and  how  their 
conceptual  frameworks  become  Indeed  their  "perceptual 
goggles"  to  permit  them  to  see  what  they  see  in  their 
inquires  and  to  guide  them  in  constructing  new  inquiries. 
Kuhn's  (1972)  description  of  the  "paradigms"  that  guide  the 
scientist  and  Toulmin's  (1972)  idea  of  "evolving  populations 
of  concepts"  seemed  to  be  much  closer  to  the  reality  the 
working  scientists  face  day  to  day.    Th  y  do  indeed  construct 
new  knowledge,  but  this  is  not  truth,  and  much  of  the 
knowledge  changes  repeatedly  in  the  li^  cime  of  a  scientist. 
Von  Glasersfeld  (1983)  has  argued  that  "radical 
constructivism"  does  not  seek  a  description  of  the  "truth," 
nor  subscribed  to  the  idea  that  in  research  we  progress 
toward  the  truth.    The  issue  now  seems  to  center  more  on  how 
Co  facilitate  creative  production,  rather  than  how  to  tighten 
the  Criteria  of  proof  or  refutation. 
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Human  Constructivism 

My  thesis  is  that  we  must  examine  closely  the  linkage 
between  the  psychology  of  human  learning  and  philosophy 
knowledge.    Creating  new  knowledge  is.  on  the  part  of  Lhe 
creator,  a  form  of  meaningful  learning.     It  involves  at  times 
recognition  of  new  regularities  in  events  or  objects, 
inventing  new  concepts  or  extending  old  concepts,  recognition 
of  new  relationships  (propositions)  between  concepts  and,  in 
the  most  creative  leaps, major  restructuring  of  conceptual 
frameworks  to  see  new  higher  order  relationships.  These 
processes  can  be  viewed  as  part  of  the  process  of 
assimilative  learning,  involving  addition  (subsumption)  of 
new  concepts,  progressive  differentiation  of  existing 
concepts,  superordinate  learning  (on  occasion)  and 
significant  new  integrative  reconciliations  between  concept 
frameworks.    The  creative  person  is  a  member  of  a  community 
of  learners  all  of  whom  share  many  concept  meanings  but  each 
of  whom  holds  his/her  own  idiosyncratic  conceptual  hierarchy. 
The  individual  most  able  to  add  to  or  restructure  his/her 
conceptual  framework  is,  in  time,  recognized  as  the  most 
creative  in  that  community.     And,  over  time,  the  population 
of  concepts  and  concept  relationships  held  by  the  community 
evolves,  according  to  Toulmin  (1972),  or  for  the  individual, 
progressively  differentiates  and  reintegrates  according  to 
assimilation  theory. 

As  far  as  we  know,  only  humans  use  language  symbol 
systems  to  code  the  regularities  they  perceive  and  hence 
construction  of  new  meanings  and  construction  of  new 
knowledge  using  symbol  systems  is  uniquely  human.  Human 
constructivism    as  I  have  tried  to  describe  it,   is  an  effort 
to  integrate  the  psychology  of  human  learning  and  the 
epistemology  of  knowledge  production.     I  place  emphasis  on 
the  idea  that  in  both  psychology  and  epistemology  we  should 
focus  on  the  process  of  meaning  making  that  involves 
acquisition  or  modification  of  concepts  and  concept 
relationships . 
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Some  of  the  conceptual  frameworks  we  seek  to  develop  m 
our  students  are  those  that  deal  with  epistemology.    To  this 
end  we  have  found  the  use  of  a  heuristic  developed  by  Gowin 
(1981)  to  be  of  value.     Figure  U  shows  an  example  of  the  Vee 
heuristic  applied  to  a  junior  high  school  laboratory 
activity.     The  Vee  shown  has  ten  key  "epistemic  elements," 
those  component  of  knowledge  that  when  operating  together 
permit  us  to  construct  or  examine  any  unit  of  knowledge.  All 
are  necessary  to  understand  the  structure  and/or  creation  of 
knowledge . 

(Figure  4  about  here) 
The  Vee  represents  an  "event  centered  constructivist" 
view  of  knowledge  (see  Gowin,  1987).    We  center  our  attention 
on  Che  construction  of  concepts,  which  we  have  defined  as 
perceived  regularities  in  events  or  objects  designated  by  a 
label.      Since  all  objects  exist  in  time  and  space,  it  is 
reasonable  to  see  the  creation  of  knowledge  as  a  search  for 
regularities  in  events,  or  as  is  often  the  case,  for 
regularities  in  record?  of  events.     No  one  has  observed  atoms 
disintegrating,  but  a  cloud  chamber  or  geiger  counter  permits 
us  to  make  records  of  these  events,  and  from  these  records  we 
construct  our  knowledge  claims.    Often  we  transform  our 
records,  using  photographs,  computer  processing,  tables, 
graphs,  etc.,  and  each  of  these  transformations  is  guided  by 
one  or  more  principles,  including  not  only  principles 
relating  to  the  event  we  are  studying  but  often,  also,  whole 
sets  of  principles  that  relate  to  the  record  making  or  record 
transforming  tools  that  we  employ.     It  is  oversight  or 
limitations  of  the  latter  that  commonly  leads  to 
misinterpretation  or  misunderstanding  of  events  records 
Even  in  the  best  case,  the  meaning  of  our  records  is  always 
interpreted  using  our  existing  concepts,  principles,  theory 
and  philosophy  and  since  these  are  'imited  and  evolving,  we 
t  n  only  make  claims  (not  truth  statements)  about  how  we 
believe  the  piece  of  world  we  are  studying  works. 

The  Vee  heuristic  also  serves  to  emphasize  the  hu  an  and 
value-based  character  of  knowledge  and  knowledge  production 
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Figure  it-    An  example  of  a  Vee  diagram  prepared  in 
a  class  discussion  with  seventh  grade 
biology  students.    The  Vee  heuristic  can 
help  students  to  understand  the  constructed 
nature  of  knowledge  and  to  take  charge  of 
their  own  meaning  making  in  science  or 
math  activities. 
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Whether  we  choose  to  be  a  historian,  cViemist  or  poet  depends 
upon  our  philosophy  and  commitments.      The  events  we  choose 
to  observe,  the  questions  we  ask  and  the  records  and  record 
transformations  we  choose  to  make  all  involve  vfilue 
decisions:    what  do  we  care  about  and  what  price  are  we 
willing  to  pay  in  time  or  dollars  and  personal  sacrifice"^ 
And  if  we  stop  to  reflect,  it  is  easy  to  see  that  every 
knowledge  claim  we  construct  can  lead  us  to  one  or  more  value 
claims .  claims  about  the  worth  of  our  knowledge  or  its 
application.    The  objective,  value-free  character  of  science 
or  other  fields  of  knowledge  creation  was  only  a  positivist's 
myth  sustained  by  ignoring  the  myriads  of  subjective  and 
value-based  decisions  that  everyone  involved  in  knowledge 
production  must  make.     It  is  this  constructive  integration  of 
thinking,^  feeling  and  acting  that  gives  a  distinctively  human 
character  to  knowledge  production.      With  geniuses,  we 
usually  judge  this  synthesis  good  and  praise  it  highiy, 
although  it  may  take  generations  for  this  recognition  to 
occur.     It  is  often  human  vanity  that  denies  the  creative 
artist,  poet  or  scientist  the  recognition  they  deserve. 

A  New  Synthesis 

To  me  there  is  a  new  excitement  about  psychology, 
epistemology  and  education:     there  is  the  excitement  of  a  new 
synthesis.     Emerging  consensus  (see  Linn,  1987)  in  psychology 
points  toward  the  crucial  role  that  concepts  and  concept 
relationships  play  in  meaning  making  by  humans,  and  the 
important  role  that  language  plays  in  coding,  shaping  and 
acquiring  meanirgs.     In  philosophy  there  is  also  an  emerging 
consensus  in  epistemology  that  characterizes  knowledge  and 
knowledge  production  as  evolving  frameworks  of  concepts  and 
propo:. itions .     The  almost  infinite  permutations  of  concept- 
concept  relationships  allow  for  the  enormous  idiosyncracy  we 
see  in  individual  concept  structures,  and  yet  there  is 
sufficient  commonality  and  isomorphism  in  meanings  so  that 
discourse  is  possible  and  sharing,  enlarging  and  changing 
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meanings  can  be  achieved.    It  is  this  reality  that  makes 
possible  the  educational  enterprise. 

What  remains  to  be  <'enionstra'jed  is  the  positive  results 
chat  will  occur  in  schools  or  other  educational  settings  when 
the  best  that  we  know  about  hirnan  constructivism  is  applied 
widely.     To  my  knowledge,  no  school  coraes  close  to  wide  scal« 
use  of  such  practices,  even  though  there  are  no  financial  or 
human  constraints  that  preclude  this.    What  we  observe  in  our 
studies  of  learning  in  school  or  university  settings  is  an 
almost  ubiquitous  pernicious,  pervasive,  positivism.  This 
right/wrong  true/false  instructional  and  evaluation  pattern 
justifies  and  rewards  rote-mode  learning  and  often  penalizes 
meaningful  learning.    The  importance  of  constructivist  views 
for  the  redesign  of  science  and  mathematics  instruction  and 
for  teacher  education  has  been  put  forth  by  others  (Cobb,,  in 
press,  a;  b);  Confrey.  1935;  Driver  and  Oldham.  1985;  Pope 
1985). 

The  only  thing  we  need  to  do  is  to  "change  our  minds" 
about  how  teaching  and  learning  can  proceed  using  what  we 
know.    The  challenge  of  this  Seminar  is:     How  do  we  get 
people  to  change  their  minds,  (about  teaching  and  learning) 
and  to  alter  their  conceptual  frameworks  or  what  I  called  in 
1983.  their  LIPHS  -  their  limited  or  inappropriate 
propositional  hierarchies? 
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The  Physico-chemical  Reduction  of  Life: 
Paradigm,  Biologists  and  Human  Values 


Joseph  Nussbaum  and  Simon  Giami 
Jerusalem  College  for  Women,  Israel 

Schwab *s  ideas  (1964)  about  the  structure  of 
knowledge  and  education,  though  written  early  in 
the  sixties,  have  lost  nothing  of  their  pnilosoph- 
ical  value  or  of  their  actuality.    We  found  it 
helpful  to  develop  our  arguments  as  steming  from 
his  notions  and  framework.    We  shall,  therefore, 
open  by  presenting  those  ess.ntial  ideas  of  Schwab 
that  are  relevant  to  the  present  discussion. 

In  developing  the  notion  that  every  body  of 
knowledge  has  its  own  structure,  Schwab  ' 
his  idiosyncratic  term — "the  substance  stiacture." 
By  this  term  he  referred  not  only  to  the  sf.t  of 
major  concepts  and  principles,   forming  together  a 
specific  conceptual  structure,  but  also  to  the 

most  basi    philosophical  assumptions  which  have 
yielded  those  concepts  end  principles.  Kuhn*s 
notion  of  "a  paradigm"   (1970)   is  quite  close  to 
Schwab's  notion  of  "a  substance  structure."  Since 


many  readers  might  be  quite  familiar  with  Kuhn's 
ideas  we  shall  use  both  terms  (a  substantive 
structure  and  a  paradigm)   interchangeably,  in 
this  paper. 

A  Structure  of  Knowledge — a  Paradigm 

Educators,   in  general,  have  been  relatively 
much  more  aware  of  the  importance  of  emphasizing 
major  concepts  and  principles,   in  teaching  a 
subject  matter,  than  of  the  importance  of  spelling 
out  the  underlying  philosophical  assumptions.  For 
Schwab,  helping  students  understand  t'\e  nature  and 
role  of  the  substantive  str'^cture  in  a  specific 
science  of  nature  is  also  of  the  main  elements  of 
teaching  the  "nature  of  science." 

The  role  of  "a  substantive  structure"  (a 
paradigm),   in  any  discipline,  is  always  in 
initiating  and  guiding  research.    Without  the  pre- 
existance  of  some  conceptual  structure  no  genuine 
research  can  be  conceived.     It  is  only  within 
certain  conceptual  framework  that  a  phenomenon 
may  be  perceived  as  presenting  a  problem.  The 
hypotheses  proposed  to  solve  the  problem  and  the 
guiding  questions  of  the  research,  all  draw  their 
concepts  and  terms  from  the  original  conceptual 
fiamework.     Consequently,  the  kinds  of  desired 
data  and  of  "appropriate  experiments"  are  already 
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determined  (through  the  guiding  questions)  by  the 
same  framework.    Findings  (data)  are  meaningless 
unless  they  are  explained  (by  way  of  selecting, 
organizing  and  transforming  them)  by  some  concep- 
tual framework,  which  normally  is  again  the 
original  structure.     The  interpreted  findings  are 
added  now  to  the  structure  which  originated  them, 
contributing  to  its  further  development  and 
differentiation.     (See  Figure  1) 


Figure  1.     Paradigm:     The  framework  of  research. 

We  may  arrive  at  a  completely  different  kind 
of  research  when  a  different  paradigm  is  adopted 
or  constructed.     (We  avoid  in  this  paper  the  issue 
of  what  are  the  processes  and  mechanisms  of 
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"pardaim  shifts"  or  of  "conceptual  changes.") 
Consider  for  example  two  cases;  a  case  in  which 
one  works  within  the  paradignt  of  Skinner's 
behaviorism  and  alternatively  a  case  in  which  one 
works  within  Piaget's  paradigm  of  cognitive 
assimilation  and  accommodation.     In  the  two  cases, 
different  problems  would  be  identified,  different 
kinds  of  experiments  performed,  yielding  different 
kinds  of  data,  explained  by  different  criterio  and 
notions . 

The  choice  between  two  rival  conc*^ptual 
structure  and  even  between  two  global  paradigms 
relies  on  the  researcher's  weighing  together  the 
"validity"  of  each.     By  "validity"  it  is  meant 
here  the  extent  to  which  each  paradigm  succeeds 
to  provide  a  convincing  representation  of  the 
richness  and  complexity  of  the  reality.     In  so 
doing,  the  researcher  certainly  applies  his  own 
previous  philosophical  biases. 

Educatioixal  Implications  of  Identifying  the 
Substantive  Structure  of  a  Knowledge 

Schwab  (1964)  points  out  two  important 
educational  implications  brought  up  by  the 
identification  and  analysis  of  the  substantive 
structure  of  some  body  of  knowledge.     In  drawinc, 
the  first  implication  Schwab  makes  the  point  that 
recognizing  the  cha      ^eristics  of  the  substan- 
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tive  structure  of  a  specific  subject  matter  helps 
the  educator  to  antic- *^-ate  the  cognitive  diffi- 
culties that  the  student  n.ight  encounter*  He 
suggests  that  one  of  the  basic  cognitive 
difficulties,  that  a  student  faces,  evolves  from 
the  gap  between  the  conceptual  structure  of  the 
disciplines  (stemming  from  a  specific  set  of 
philosophical  assumptions)  and  the  cognitive 
structure  of  the  student  (stemming  from  a 
different  set  of  assumptions,  also  of  philosoph- 
ical nature) •     This  gap  is  the  source  of  the 
Piienomenon,  recently  nar.^d  "students'  alternative 
frameworks"  (Driver  and  Easley,  1978)  .  This 
phenomena  leads  to  the  appearance  amongst  students 
of  various  "mis-conceptions,"  the  focus  of  the 
present  seminar* 

The  second  implication  drawn  by  Schwab  j.s 
that  by  identifying  the  substantive  structure  of 

a  subject  matter,  with  its  full  depth,  we  might 
know  better  how  to  draw  our  students'  attention 
to  the  nature  of  research  and  to  the  nature  of  the 
knowledge,  generated  by  that  research. 

After  identification  and  analysis  of  a 
substantive  structure  of  a  discipline,  we  should 
be  better  prepared  to  demonstrate  to  our  students 
the  tentative  nature  of  knowledge  and  its 
dependence  upon  the  original  paradigm.  This 
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should  help  students  to  realize  that  knowledge  is 
always  being  constructed  within  certain  framework 
rather  than  being  discovered  directly  from  reality. 

Thus,  we  have  two  implications;  one  of  a 
cognitive  nature  and  the  other  of  a  phiiosophical- 
epistemological  nature.     Since  about  ten  years 
ago,  science  educators  have  recognized  that  there 
is  a  close  interconnection  between  the  two  (Novak, 
1977;   Driver  and  Easley,   1978;  Nussbaum  1983,  1985). 
It  is  worth  noticing  that  Schwab  recognized  these 
two  implications  in  early  stages  of  the  major 
curricula  development  of  the  sixties.     Howe 'er, 
apparently,  dt  that  time  the  educational  atmosphere 
was  not  ripe  yet  for  the  appreciation  of  their 
importance  and  their  interconnection,  for  teaching 
and  research  purposes. 
Concurrent  and  Successive  Paradigms 

Schwab  emphasizes  that  the  disciplines  of 
the  humanities  and  the  socil  studies  differ  from 
those  of  the  natural  sciences  in  many  respects. 
One  respect  is  that  in  the  first  ones  one  finds 
concurrent  rival  paradigms  while  in  the  last  ones 
it  seems  that  in  each  of  natural  sciences  there 
is  only  a  single  ruling  paradigm,  which  was 
arrived  at  through  a  linear  successive  process  of 
paradigm  changes.     (See  Figure  2) 
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Figure  2.     Concurrent  paradigms  in  psychology  and 
successive  paradigms  in  physics. 

Physics  may  be  a  good  example  of  this  process. 
In  teaching  the  hun'anities  and  social  studies  it 
seems  relatively  easy  to  present  students  with  the 
idea  of  what  a  paradigm  is,   through  showing  the 
role  of  rival  paradigms  as  they  parallelly  function 
in  current  research.     However,  Schwab  asserts,  in 
the  natural  sciences  conveying  the  notion  that  all 
our  scientific  knowledge  is  tentative,  since  it 
relies  on  a  paradigm  which  is  likely  to  undergo 
changes  (as  the  history  of  science  has  shown),  is 
indeed  an    uneasy  educational  task.     This  is  so 
because  students  are  likely  to  be  locked  within 
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the  present  ruling  paradigm  and  therefore  not 
being  aware  of  its  role.     Schwab»s  suggestion  was 
that  in  science  education  we  must  turn  to 
historical  case  studies  of  paradigm  change,  for 
this  educational  purpose. 

Biology,  like  physics,  seems  also  to  present 
a  linear  process  of  successive  changes  of  paradigms 
in  which  various  vitalistic  approaches  were  finally 
replaced  by  the  mechanistic  paradigm.  The 
vitalistic  paradigm  presumed  that  living  things 
demonstrated  intentions  and  f^ee  will  (teleology) 
resulting  from  the  existance  within  them  of  some 
nonmaterial-"vital"  entity.     The  mechanistic 
paradigm  (originated  by  Claud  Bernard  and  others, 

in  the  19th  century)  rejected  all  teleological 
explanations  of  organismic  behavior,  substituting 
it  with  simple  mechanistic  explcinations .  The 
modern  mechanistic  paradigm  of  biology  assumes 
that  all  life  processes  ar-e  completely  governed 
by  principles  of  "molecular  randomness"  and 
"physical  Cc'usality"  ("chance  and  necessity")  and 
of  "cybernetic  control."    It  is  clear  that  the  two 
notions  of  "physical  causality"  and  "randomness" 
are  the  antitheses  to  the  basic  notions  of  the 
"vitalistic"  approach,   namely  "intentions"  and 
"free  will."     (See  Figure  3)     The  famous  historical 
d.ispute  between  Lamarkism  and  Darwinism  is  only 
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Figure  3.     The  mechanisin-reductionism  of  biology 
and  the  incompatible  humanistic  view 
of  man. 
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one  specific  application  of  the  more  basic  dispute 
between  the  two  paradigms.     Since  modern  "mechanism" 
assumes  the  reducibility  of  all  life  phenomena  to 
physico-chemical  processes  it  ib  also  known  as 
"reductionism. " 
Biology  and  the  Humanities 

As  biology  teachers,  we  know  that  the  afore- 
mentioned historical  dispute  is  still  alive  and 
may  reappear  amongst  students  in  the  classroom. 
Research  (Brumby  1979;   Kargbo,  et  al . 
1980)  has  shown  that  many  students  who  had  studied 
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the  Darwinian  theory  of  evolution  still  maintained 
teleological  notions,  which  are  the  essentials  of 
Lamarkism.    We  usually  refer  to  such  examples  as 
misconceptions.     The  source  for  tnis  specific 
misconception  is  usually  identified  as  the 
psychological  act  of  "antropomorphism. "     It  is 
assumed  that  the  mistaken  students  have  performed 
an  "illegitimate"  rationale  transfer  from  the 
domain  of  human  life  to  the  domain  of  biology. 
But,   is  it  only  the  rationale  transfer  which  is 
logically  or  philosophically  "ilxegitimatc*"?  Is 
it  not  the  case  that  biological  sciences  relates 
to  the  human  phenomenon  as  being  the  content  of 
one  specific  chapter  in  the  study  of  mammels? 
Indeed,  many  biologists  hold  today  that  the  very 
traditional  view  of  man,  namely  that  man  is  being 
part  of  the  physical  nature  (the  body)  and  at:  the 
same  time  is  separate  from  it  (the  mind) ,  is  a 
misconception  that  requires  correction  (Churchland, 
1986) .     They  deny  the  idea  that  man  has  nonmaterial- 
T.dr.tal  qualities,  such  as  "free  will"  and 
"intentions')  and  argue  that  these  apparent 
qualities    are  completely  reducible  to  physico- 
chemical  processes.     Some  of  these  biologists 
follow  on  and  explicitly  propose  that  all  "liberal 
arts"  should  be  subsurred,  after  radical  revisions 
of  concepts  and  terms,  under  the  physico-chemical 
pa^'adigm. 
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Most  of  the  people  who  are  deeply  involved 
with  the  humanities  (the  liberal  arts)  and  almost 
all  laymen  would  probably  strongly  reject  tha 
proposal  that  human  freedom  is  only  an  illusion 
to  be  corrected  by  physico-chemical  reductionism. 

Are  we,  educators,  willing  to  claim  that 
traditional  humanism  is  a  misconception?  Indeed, 
most  biology  teachers  nnd  textbooks  do  not  go  all 
^ae  way  to  make  explicitly  this  claim.  However, 
■.:his  claim  is  made  implicitly  by  regular  biology 
education*     The  fact  that  ve  do  not  witness,  in 

school  education,  a  "clash"  between  the  humanities 
and  biology  is  not  because  no  real  dilemma  existci, 
but  because  both  types  of  disciplines  seem  t- be 
superficially  tauc,"         is  such  a  "clash"  unavoid- 
able?   Is  it  necessary  for  one  to  commit  himself 
to  one  of  two      paradigm^  while  rejtcjing  com- 
pletely the  other?    There  might  be      j  versions 
of  biological  reductionism  each  of  them  precen  ^ n^ 
a  substantially  different  view.     The  two  versions 
are: 

a)  Reductionism  is  a  very  successful 
paradigm  and  therefore  representc  some 
absolute  truth  about  the  essense  of 
living  things,  including  man. 

b)  Reductionism  is  a  very  successful 
paradigm  playing  an  important  but 
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limited  epistemological  role  in  studying 
biological  phenomena. 
Aside  from  these  two  versions  cf  reductio- 
stands  the  humanist  paradigm  which  presumes  the 
existance  of  some  nonmaterial  entity  (mind,  psyche) 
which  is  responsible  for  much  of  his  behavior. 

The  first  version  of  reductionism  and  the 
traditional  humanism  cannot  tolerate  each  other's 
view  and  they  mutually  exclude  each  other.  The 
second  version  of  reductionism  is  also  not 

compatible  with  traditional  humanism  in  their 
-assumptions  and  methodologies.     However,  they  can 
tolerate  each  other's  view,  since  the  second 
version  agrees  that  current  biological  knowled  9 
is  not  only  tentative  but  i<=>  also  rc^nditional  with 
relation  to  th,-  olti.T.Fit  •  'Ity  of  the 

reductionist  philosophy,  is  worth  noticing  in 

this  respect  that  the  second  version  is  in  line 
with  the  "constructivist"  approach  in  che 
philosophy  and  history  of  science  while  the  first 
version  is  in  line  with  the  "positivist"  approach. 

Teaching  the  Humanism  vf ♦  Biological 
Reductionism  Dilemma 

My  following  arguments,  evolve  from  the 
conclusion  of  Schwab's  (1964)  discussion  of  the 
s'.,ructure  of  knowledge,  saying  that  the  t^.  hing 
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of  scinece  must  include  the  treatment  of  the 
philosophical-epistemological  aspects  of  each 
scientific  discipline.     The  in'-lusion  of  a 
treatment  of  the  dilemma  of  che  humanities  vs. 
biology  in  our  curriculum  is  educationally 
important  for  the  following  reasons:     (a)  the 
treatment  of  the  dilemma  provides  understanding 
of  the  epistemological  nature  of  che  biological 
research  and  knowledge.     The  dilemma  provided- 
example  of  concurrent  pc*radigms  which  each  of  them 
is  not  capable  of  explaining  everything.     Each  of 
these  paradigms  explains  reality  using  different 
philosophical  grounds  and  conceptual  frameworks. 
Each  paradigm  has  limits  and  Man  must  apply  both 
as  parallel  intellectual  paths  to  explain  the 
complex  reality.     The  very  understanding  that 
there  are  basic  rnsolvable  problems  is  a  tremen- 
dous educational  gain.     (b)  Those  among  us  who  are 
unwilling  to  give  up  our  traditional  humanistic 
view  of  man  must  deal  with  this  dilemma  from  the 
second  version  of  reductionism  (which  may  be 
called  epistemological  reductionism) . 

At  th ■ s  phase  th^  author  finds  it  interesting 
and  important  to  find,  via  suivey,  which  of  the 
above  mentioned  versions  of  reductionism  is  more 
widely  held  by  biologists,  of  various  levels  of 
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prof essionality  and  specialty.    Of  course,  this 
planned  survey  is  not  intended  to  "solve"  *:he 
philosophical  problem.     However,  it  might  yield 
interesting  results  for  the  "sociology  of  scinece" 
and  it  may  provide  'backing*   for  the  arguments 
brought  above  for  the  inclusion  of  biology  vs. 
h.  anities  di.i.emma  in  our  teaching  of  biology. 

The  Objective  of  the  Present  Study 

The  objective  of  the  present  study  was  to 
develop  methods  and  procedures,  which  will  enable 
the  identification  and  characterization  of  the 
personal  version  of  reductionism  held  by  the 
subject.     The  desired  method  sought  was  a 
structured  interview  in  which  the  first  questions 
would  not  appear  directed  to  the  biology  vs. 
humanities  dilemma.     The  last  group  of  questions 
was  rlanned  to  be  directed  to  the  focus  of  the 
evaluation  topic •     The  rational  behind  this 
approach  wa'   to  enable  the  differentiation 
between  interviewee's  spontaneous  position  and 
his/her  careful  and  formal  presentation  of  the 
personal  belief. 

The  Methodology 

A  structured  interview  was  d»^veloped  through 
trials  and  improvements  by  applying  it  to  about 
twenty  ^iLcxKXua.\z^  biclcgy  studcntc,  frcn*  the 
department  of  animal  physiology  and  bio-^hemistry 
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of  the  Hebrew  University  of  Jerusalem* 

The  interview  included  six  written  questions 
in  a  multiple  choice  format.    The  interviewee 
responded  first  to  the  six  questions  on  the  paper 
with  no  interruption.     After  completing  this 
phase,  the  interviewer  reviewed  the  responses 
with  the  interviewee,  asking  more  questions  about 
the  interviewee's  reasons  and  considerations.  The 
oral  discussion  of  this  phase  was  less  structured 
and  oriented  by  arising  needs  for  clarification. 
Only  three  sample  questions  will  be  presented 
below.    After  initial  oral  discussion  of  question 
3  (below)  the  interviewer  presented  several 
concept-  maps  to  help  sharpen  the  evaluation  of  the 
interviewee's  po:,  tion  and  beliefs. 

Below  are  the  sample  questions. 
Question  1 

A  person  on  trial  for  war  crimes,  v;ho 
murdered  many  people,  argues  in  defense 
that  he  had  merely  obeyed  orders. 
My  opinion  is: 

a)  Man,   in  all  situations  is  able  and 
required  to  apply  his  free  will  and 
never  agree  to  murder.    Therefore,  this 
aforementioned  person  must  be  blamed  and 
severely  punished. 

b)  This  person  was  not  complecely  free  in 
that  war  situation.    Therefore,  it  is 
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hard  to  blame  him  and  his  punishment 
should  be  considered  accordingly. 

c)  "Free  will"  is  an  illusion.    Man  always 
behaves  automatically  by  conditioned 
responses.     "Blaming"  is,  therefore,  an 
irrelevant:  term.     For  the  sake  of 
society,  he  should  be  severely  penalized 
as  a  warning  to  others. 

d)  Other  than  the  above. 
Question  2 

A  dying  man  wrote  a  will  in  which  he 

bequeathed  all  his  wealth  to  a  woman  who 

helped  him  during  his  last  few  months  of 

life.     His  children  challenged  the  validity 

of  the  will  arguing  that  their  father  was 

under  emotional  duress. 

My  opinion  is: 

a)     Man  is  always  free,  therefore,  we  must 
honor  his  free  will  as  expressed  in  his 
written  will. 

b'     Indeed,  man  has  tree  will  but  there  are 
certain  situations  in  which  man's  free 
will  is  partially  surpressed.  This 
case  should  be  analyzed  accordingly. 

c)     "Free  will"  is  an  illusion*    Man  is 

always  influenced  in  a  way  that  deter- 
mines his  moves*    Therefore,  man's  last 
will  should  always  be  considered 
invalid  and  the  Law  should  dictate  who 
inherit'  a  person's  wealth. 
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Question  3 

A  cow  J.S  to  be  slaughtered  and  its  meat  sold* 
In  many  countries  there  is  a  public  pressure 
to  institute  laws  which  would  compel 
slaughter  houses  to  use  methods  which  would 
yield  almost  no  suffering  to  the  animal* 
My  opinion  is: 

a)  As  long  as  the  cow  is  alive  it  has  a 
soul  that  feels  and  suffers/  like  we  do. 
ThuS/  we  should  choose  slaughtering 
methods  that  would  not  inflict  sufferi  ,7. 

b)  Si*ice  an  animal  is  merely  a  physico- 
chemical  system,  it  cannot  have  any 
feelings  (molecules  do  not  have  feelings) , 
However,  we  should  avoid  cruel  methods 
only  in  order  to  educate  ourselves  to  be 
considerate . 

c)  It  is  true  that  an  animal  is  mrely  a 
physico-chemical  system,  yet,  this 
system  when  disturbed  (disequilibrated) 
may  feel  pain.     Therefore  we  should 
cause  no  suffering  to  this  physico- 
chemical  system,  called  cow* 

d)  Since  an  animal  is  merely  a  physico- 
chemical  system,  it  cannot  have  any 
feelings.     "Animal  suffering"  is  an 
illusion  created  by  people.     The  only 
criterion  for  choosing  a  method  of 
slaughtering  i<j  effeciency. 
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After  oral  initial  discussion  of  Question  3 
the  interviewee  was  shown  Map  1.     (Figure  4)  The 
interviewer  read  all  the  propositions  on  the  map 
to  the  interviewee  and  then  asked  him  if  he/she 
agreed  to  the  map  content,     '^hen  the  interviewer 
added  to  the  map  the  concept  "pain  feeling"  (in 
the  dotted  line  frame)   and  asked  what  was  th^ t 


Fioure  4.     Mao  1:     A  reductionist  representation 

of  "cow." 
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thing  that  "feels"  the  pain^    Dotted  arrows  were 
added  by  the  interviewer  to  the  map  and  the 
following  questions  were  asked:     Is  It  the 
chemicals  themselves  that  feel  the  pain?    is  it 
the  individual  nerve  cells?    Is  it  the  nerve 
tissue  or  the  whole  brain?     Is  it  the  wholeness 
of  the  cow?    Each  of  these  levels  of  organization 
is  reducible  to  its  chemical  constituencies,  so 
so  aren't  we  ultimat-  *y  getting  to  claim  that 
chemicals  "feel"?    Might  it  be  that  something  of 
the  cow,  which  is  not  made  of  chemicals,  "feels" 
the  pain? 

After  discussing  Map  1  the  interviewee  was 
shown  Map  2  (Figure  5)   that  was:  similar  to  map  1 
but  on  this  time  the  terms  "cow"  and  "cowish 
behavior"  was  replaced  by  the  terms  "Man"  and 
human  behavior •     The    nterviewee  was  asked  whether 
he  felt  comfortable  with  this  representation  of 
man,  or  maybe  he  preferred  the  (humanist) 
representation  of  Map  3   (Figure  6) .  The 
interviewer  asks  if  these  two  maps  contradicted 
each  other,  and  if  yes  whether  they  could  be 
reconciled/  and  how.     The  interviewer  set  at 
this  point  Maps  1,  2  and  3,  side  by  side,  and 
asked  th-5  interviewee  to  use  a"  much  as  he  could 
of  the  maps  to  show  the  process  by  which  "a 
person  decides  not  to  inflict  pain  onto  a  cow*" 
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Figure  5.     Map  2;     A  reductionist  representation 
of  man* 

As  an  additional  prop.  Map  4,    (Figure  "^j'was  shown 
to  the  interviewee  and  the  questions  asked  were 
whether  the  interviewee  found  it  as  meaningful  to 
read  the  sentence  A  to  A  as  to  read  it  B  to  B* 
If  the  answer  was  yes  the  last  question  was  what 
was  the  source  of  the  demand  " ♦ ♦ ♦ shoud_not  inflict 
pain. ♦ ♦ "? 
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Figure  ?♦     Alternative  representation  of  a  value 
statement. 
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First  Findings  About  the  Methodologies 

It  was  not  intended  to  present  in  this  paper 
any  survey  results*     The  described  interview 
method  seems  to  provide  the  ability  to  identify 
nnd  differentiate  between  different  positions  with 
regard  to  the  humanism  vs»  biology  dilemma. 
Beside  the  two  aforementioned  versions  of  the 
reductionist  paradigm  it  was  possible  to  identify 

cases  of  unawareness  and  misunderstanding  of  the 
very  nature  of  the  presented  dilemma.     in  such 
cases  it  seemed  possible  f-o  characterize  typical 
misunderstandings  and  consequent  inconsistency. 
The  intention  of  the  authors  is  to  apply  this 
methodology  in  a  wide  scale  survey. 
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Introduction 

The  past  aecade  has  seen  a  considerable  body  of  research  into  the  way  in  which 
children  learn  science  and  into  tl.e  models  of  teaching  employed  by  teachers.  Driver 
et  al(1985)  and  Osbome  &  Frcybcrg(I985)  have  summarised  much  of  this  work. 
The  research  emphasises  the  need  >r  children  to  be  regarded  as  active  and 
purposeful  learners  who  engage  in  a  dynamic  process  of  construction  and 
econstruction  of  the  personal  concepts  which  they  use  to  understand  science.  Ii 
has  been  proposed  that  children  progress  in  this  way  from  a  set  of  naive  concepts 
in  science  which  diSessa(1985)  calls  "prc-science"  anc"  Osbome  and  Freybcrg  call 
"children's  science"^  to  the  accepted  scientific  world  view. 

It  is  claimed  that  this  progression  to  a  mature  scientific  perspective  is  critically 
dependent  on  an  experientidl  approach  to  teaching  which  gives  children  ample 
opportunity  to  develop  concepts  in  a  supportive  fashion.  A  constructivist  view  of 
leaminf^  such  as  this  contrasts  with  the  implicit  model  of  learning  which  forms  the 
basis  of  much  n^ditional  science  teaching.  This  conventional  model,  outlined  by 
Reniier(1982),  assumes  a  siuiple  three  phase  sequence  formal  presentation  of 
^   prescribed  information  by  teacher  expositions  verification  of  the  information  by 
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closed  pras-'tical  work  and  practice  of  material  presented  i.i  the  first  two  phases 
through  wr. ten  exercises 

The  majority  of  software  produced  for  microcomputers  in  the  past  five  years  is 
basec  on  tiuS  'conventional'  view  of  the  process  of  teaching  and  learning  science. 
Since  most  of  it  is  designed  by  teachers  who  hold  this  model,  this  is  perhaps  not 
surprising.  !n  common  with  many  other  educational  n.^terials,  much  software  fails 
to  make  explicit  the  learning  model  .oherent  to  the  product  and  the  user  is  left  in  the 
position  of  guessing  at  how  it  should  be  used.  The  term  'electronic  blackboard' 
which  is  often  u:ed  to  describe  some  software  packages  is  notable  in  that  it  views 
the  software  and  technology  as  merely  a  means  of  enhancing  the  demonstration  of 
prescribed  informatio  n  by  teacher  exposition.  The  software  is  viewed  as  an  aid  to 
the  normal  traditional  methods  of  science  teaching  providing  interactive  C  limated 
displays  where  the  parameters  can  be  varied.  However  almost  always  this  done 
by  teacher  demonstration  and  children  are  provided  with  little  significant 
opportunity  to  ex7loie  and  test  their  models  of  the  physical  reality. 

A  constructivist  approach  to  computer  software 

Kemmis  et  al(1977)  have  made  a  noiable  attempt  to  categorise  the  learning 
experiences  provided  by  computer  assisted  leaming(CAL).  They  viewed  the 
experiences  as  essentially  one  of  four  types 

•  Instructional 

•  Revelatory 

•  Conjectural 

•  Emancipatory 

Instructional  software  relies  l-.eavily  on  exposition  an^^  reinforcement  techniques  of 
'drill  and  skill'.  Its  roots  lie  in  the  psychology  of  Skinner  and  its  notable  weakness 
6  that  It  has  practically  no  ability  to  respond  to  variations  in  the  learner.  Its  model 
of  the  learner  is  fixed  and  inflexible  and  although  it  provides  valuable  reinforcement 
p*acnce  for  basic  skills  of  reading  instrumeiits  eic^  it  can  hardly  be  said  to  provide 
meaningful  learning  as  its  ability  to  explain  and  adapt  is  far  too  often  limited  by  the 
simplistic  assumptions  inherent  to  the  design  and  the  current  limitations  of  the 
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technology.  Such  soffwarc  is  more  consistent  with  a  view  of  education  which 
regards  it  as  a  process  of  training  in  the  skills  and  methods  of  the  discipline  rather 
than  an  education  in  science  which  seeks  to  develop  understanding. 

Revelatory  software  in  science  is  substantially  represented  by  a  large  number  of 
simulations.  A  simulation  of  the  operation  of  a  nuclear  reactor  is  a  typical  example. 
The  user  will  be  able  to  vary  the  coc  ^ant  rate  or  the  depth  of  the  graphite  rods  used 
as  a  moderator.  This  provides  the  learner  with  a  valuable  opponunity  to  explore  a 
model  of  an  object  il-iat  is  not  available  in  the  classroom.  The  function  of  this  is  to 
'reveal'  to  the  learner  the  behaviour  of  the  system  and  ?"ow  them  ic  develop  an 
understanding  of  the  model.  However,  the  model  is  fixed,  predetermined  and  often 
not  visibily  transparent.  Tlie  learner  is  forced  into  the  position  of  applying  a 
heuristic  approach  to  build  an  understanding  and»  unless  the  package  is  particularly 
appealing,  may  often  lack  motivation.  This  software  only  really  has  advantages 
fron  a  construciivisi  perspective  when  the  learner  is  asked  to  use  it  to  test  their 
h>pothesis  as  to  the  behaviour  of  the  system.  The  conflict  between  the  predicted 
behaviour  and  the  observed  behaviour  then  allows  the  user  to  reflect  and  evaluate 
their  conceptions  of  the  underlying  science. 

vVl*en  used  in  this  mode,  the  software  is  essentially  becoming  conjectural  which 
allows  the  user  -o  test  heir  hypotheses  against  reality  and  observe  the  effect  of 
varying  parameters.  It  is  only  this  type  of  software  that  offers  any  possibility  of 
ccnceptua!  conflict,  an  essential  mechanism  of  change  from  the  learners  alternative 
concepts  to  an  iniemalisation  of  the  scientific  model.  Included  within  this  cate^jory 
should  be  the  wide  range  f  software  available  for  performing  experimentation. 
Although  the  software  itself  is  not  inherendy  conjecniraJ.  the  scientific  activity  it 
facilitates  is.  As  Thomtoii(1987)  argues  that  'Laboratories  using  microcomputer 
based  laboratory(MBL)  tools  allow  smdents  to  build  on  their  experiences  like  those 
in  their  everyday  interaction  with  the  world,  but  also  allow  them,  through 
immediate  feedback  of  data  in  useable  forms,  to  move  away  from  misconceptions 
towards  a  deeper  scientific  understanding  of  these  experiences.* 

Kemmis'  final  category  refers  to  that  wide  range  of  general  purpose  software  that  is 
essentially  designed  to  extend  and  enhance  tiie  capabilities  of  the  user.  In  science 
education,  software  packages  that  perform  data  analyis  and  plot  graphs  arc 
probably  the  most  extensive  in  this  arca.  The  relative  high  cost  of  microcomputers 


has  meant  that  children  do  not  have  frequent  access  to  the  'wordpiocessors  of  the 
science  laboratory'.  However,  tiiere  is  «  substantive  argument  that,  just  as 
wordprocessors  have  transformed  many  adults  attitude  to  the  act  of  writing, 
liberating  them  from  the  fear  of  error  and  laboriousness  of  endless  redrafts  and 
allowing  them  to  polish  the  product  to  an  acceptable  form,  so  may  such  tools 
provide  childien  with  an  opponunity  to  produce  printed  results  of  high  quality, 
raising  their  self  esteem,  motivation  and  confidence.  Since  motivation  is  seen  as  a 
ce:;tral  feature  of  learning  from  the  constructivist  perspective(Hewson  &  Hewson. 
Osborne  &  Wittrock  1985),  the  contribution  of  educational  software  to  such 
schemes  should  not  be  ignored. 

What  potential  does  educational  software  have  for  n.-^ningful  learning  in  science? 
We  believe  it  is  possible  to  assess  the  relevance  of  educational  sof  vare  to  tiie 

ning  of  science  which  are  consistent  with  such  an  approach  by  tiie  use  of  tiie 
following  criteria.  As  such  they  represent  a  schema  for  evaluating  science  software. 

(1)  Educational  software  should  be  primarily  orientated  towards  tiie  representation 
and  development  of  concepts.  Topics  for  software  should  be  chosen  fix)m  tiie 
standpoint  of  whether  tney  can  provide  a  good  context  for  promoting 
concepn?al  development  An  essential  requisite  is  tiiat  tiiese  should  provide  an 
experiential  basis  for  learning,  developing  conflict  between  die  childs  pre- 
existing concepts  and  the  model  presented  by  ±c  software. 

(2)  In  common  with  otiier  recent  curriculum  n:aterials,  software  should  not 
assume  that  the  child  has  no  scientific  conception  of  reality  tiiemselves. 

(3)  Software  should  provide  a  context  which  is  relevant  to  tiie  way  in  which 
children  think  about  tiie  real  world.  There  should  be  a  synergy  between  the 
representations  and  in.  actions  provided  t y  the  software  and  children's 
perceptions  of  the  real  world. 

(4)  Children  should  be  able  to  construct  tiieir  own  personal  representation  of 
reality  in  tiie  software  environment.  Tlas  implies  tiiat  children  should  be  able 
to  modify  and  extend  the  software  in  such  a  way  tiiat  it  accords  witii  their  own 
current  concepts. 
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(5)  Ii  should  be  possible  for  the  software  to  support  alternative  ccncepis.  This  is 
essential  if  children  arc  going  to  use  software  to  compare  concepts  and 
reconcile  conflicts  between  alternative  concepts. 

It  is  unlikely  that  any  individual  rrogram  will  satisfy  all  criteria  but  software  that  is 
consistent  with  these  aims  is  in  essence  conjectural  allowing  childrens  to  construct 
and  manipulate  a  model  of  reality  and  test  its  behaviour  against  their  expectations.  It 
is  possible  to  identify  two  main  strands  of  computer  ssisted  learning  that  offer  the 
most  significant  potential  for  a  'constructivist'  approach  to  leaming.These  ^re  the 
activity  of  nKxielling  and  the  use  of  software  to  provide  idealised  representations  of 
reality  or  'ideal  worlds'. 

Modelling  as  a  construdivist  activity 

The  process  of  modelling  i*'  one  of  the  fundamental  mechanisms  of  human  thought. 
Marx(l  .^84)  highlights  this  in  his  statement  that  'Man  is  a  model  making  anunal.' 
and  that 

'Science  makes  extended  use  of  models.  The  history  of  science  could 
not  be  told  vAthout  mentioning  celestial  spheres,  rigid  bodies, 
indivisible  atoms,  elastic  lines  of  force,  the  vibrating  ether,  the  atom., 
planetary  system,  the  valence  hook,  the  double  helix,  corpuscle-wave 
dualism.' 

The  act  of  understanding  often  involves  ti;e  development  of  a  complex  schcua  that 
represents  the  perceived  external  reality.  Models  are  developed  through  a  process 
of  critical  evaiuatioi:  and  review  and  this  leads  ^ » the  typical  understanding  of  the 
mature  adult  Programming  and  system  simulation  orovide  one  of  the  most 
valuable  tools  available  to  the  scientist  to  model  physical  systems.  Modelling 
languages  such  as  Sitnula  and  Dynamo  have  been  widely  available  in  higher 
education  for  the  pasi  decade  but  such  woik  has  had  minimal  impact  on  the 
secondary'  school  curriculum.  The  most  notable  development  is  the  Dynamic 
Modelling  System(Ogbom  J.  &  Wong  D.,  1984)  and  the  Cellular  Mod<^"  ig 
System(Holland  and  Ogbom,  1987).  Both  of  these  allow  children  to  model  simple 
systems  using  a  formalism  of  the  hkSlC  programming  language. 
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Fig  1:  Typical  screen  from  Dynamic  Modelling  System. 


With  this  system,  the  user  is  presented  with  two  pads  which  can  be  used  to 
construct  the  nxxicl  and  display  its  behaviour  graphically.  A  model  to  investigate 
the  movement  of  an  object  in  a  gravitational  field  would  be 
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Gravitational  Force 

F 

=  -10 

Newton  II 

A 

=  F/M 

Velocity  from 

dV 

=  A*dt 

acceleration 

V 

=  V  +  dV 

Displacement  from 

dS 

=  V*dt 

velocity 

S 

=  S  +  dS 

Clock 

T 

=  T  +  dT 

In  addition,  the  user  has  to  define  the  iniual  values  used  by  the  model  by  changing 
the  pad  to  the  tide  'Values'.  Once  these  arc  defined,  the  axes  of  the  graph  and  the 
range  of  values  must  be  specified  and  the  model  can   en  be  run. 

The  activity  of  mcielling  includes  the  expression  of  the  model,  on  paper  or  on  a 
computer,  using  a  symbolic  formalism.  The  nxxiel  is  then  evaluated  by  execution 
and  examination  of  the  graphical  results  and  comparison  with  reality.  The  results 
shovm  in  Fig  I  represent  the  idealirri^  result  where  air  resistance  is  minimal  or 
zero.  The  model  caa  easily  be  adapted  to  include  the  effects  of  air  resistance  by 
changing  the  force  equation  to 

F  =  .10  +  K*V2 

allowing  the  child  to  construct  a  more  sophisiticated  model  than  is  possible  on 
many  undergraduate  courses.  Previous  knowledge  and  new  experiences  are  built 
on  to  'constnict  an  understanding  of  reality  which  is  simulated  on  the  computer. 
Modelling  languages  provide  a  new  means  for  expressing  thought  and  articulating 
concepts  that  are  less  dependent  on  a  comprehensive  understanding  of 
mathematics.  This  is  one  of  the  rundamental  attractions  of  computing  for  adults  as 
it  provides  a  new  tool  for  expressing  ideas.  This  is  aptly  reflected  in  the  statement 


by  Wittgenstein(1961)  that  The  limits  of  my  language  are  the  limits  of  my  world.' 
Modelling  languages  provide  another  language  for  understanding  the  world  and  the 
purpose  of  modelling  is  to  provi^^e  insight.  As  yet,  it  has  not  been  extensively  used 
in  schools.  But  is  not  the  science  we  teach,  that  which  we  can  teach?  Science 
educators  arc  opportunist  in  their  approach  to  the  teaching  of  science  making  a 
virtue  out  of  necessity  using  available  technology.  The  development  of  courses  in 
chaos  and  non-linear  dynamics  in  higher  education  is  primarily  due  to  the 
availability  of  microcomputer  modelling  tools.  The  arrival  of  ^^e  cheap 
microconiputer  witli  its  'user-friendly'  software  necessitates  a  re-evaluation  of  our 
methods  with  a  view  lo  the  contribution  such  materials  can  mal* "  to  a  constructivist 
pedagogy. 

This  modelling  s^  .tem  is  still  dependent  on  ?n  appreciation  of  stepwise  algorithmic 
approaches  to  problem  solving  and  the  formalism  of  the  BASIC  programming 
language.  The  evidence  is  that  this  is  not  easily  understood  by  children.  However 
modelling  languages  such  as  Stella  and  the  futuristic  alternate  reality  kit(0'Shea  & 
Randall  Smith,  1987)  that  make  use  of  iconic  symbols  to  present  a  mere  visual 
model  show  greater  potential  for  expressing  and  constructing  conceptual  models. 
The  graphical  representation  of  Stella  emphasises  the  structural  connectivity  and 
symmetry  of  the  model.  It  also  provides  a  rich  visual  syntax  to  visually  defin'-  such 
concepts  as  links  and  flows  and  is  similar  in  this  respect  to  the  concept  maps  of 
Novak  &Gowin(  1986). 

Programming  languages  also  havr  a  roie  to  play  in  providing  a  means  to  construct 
simple  models  of  physical  environments.  LCXjO  is  one  whose  use  has  been  argued 
for  extensively,  particularly  in  mathematics  education(Papen,  1980;  Harvey,  1982; 
Abelson  &  Di  Sessa,  1980;).  Only  a  small  amount  has  been  written  about  its 
potential  in  science  education  and  this  is  restricted  to  physics(Huriey,  1985;  Lough, 
1986,  Morecroft,  1986^.  Simple  modeis  can  be  created  with  the  following 
procedures 

TO  MOVE 
FORWARD  1 
MOVt 
END 


Typing  MOVE  sets  the  turtle  in  moaon  across  the  screen  simulating  an  object 
i.iOving  with  no  resultant  force  acting  on  it.  The  object  can  be  made  to  accelerate  by 
altering  the  program  as  follows 

TO  ACCELERATE 
MAKE  "STEPO 
MOVE 
END 

TO  MOVE 

MAKE  "STEP  :STEP  +  1 
FORWARD  :STEP 
MOVE 
END 

In  this  example  the  'turtle  moves  forward  a  distance  given  by  the  variable  parameter 
:STEP.  Typing  ACCELERATE  will  cause  the  tunle  to  accelerate  constantly  across 
the  screen.  Circular  motion  can  be  simulated  with  the  i-Imple  program 

TO  CIRCLE 

REPEAT  360  [  FORWARD  1  RIGHT  1] 
END 

The  last  example  makes  the  important  point  that  to  move  in  a  circle,  the  turtle  must 
turn  towards  the  right  and  the  centre  of  the  circle.  Hence  the  force  must  act  toward*" 
the  centre.  These  examples  can  be  extended  to  simulate  projcc'  *e  motion,  free  fill 
and  simple  harmonic  motion.  To  the  n^nire  physicist  they  may  sccm  trivial  but  to 
the  child,  they  nay  be  a  means  of  access,  a  point  at  which  their  minds  and 
imaginations  are  able  to  engage  with  the  worid  being  simulated  on  the  screen. 

LOGO  has  also  been  used  for  developing  microworids  in  which  children  can 
eAplore  S'  ientific  concepts.  diSessa  et  al  ( 1982)  produced  a  micros  jrid  in  which 
children  can  explore  dynamics  using  a  computational  object  called  a  'dynaturtle' 
which  obeyed  Newtonian  mechanics.  Children  were  invited  to  use  a  'kick' 
primitive  which  gave  the  turtle  an  impulsive  fc*'^'*  ".n  a  specified  direction  and 
compare  the  actual  behaviour  with  their  hypothesised  predictions.  The  conflict 
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generated  led  the  children  to  explore  and  reconstruct  their  concept  of  force.  Further 
wor  .n  developing  LOGO  microworids  is  currendy  in  progress  and  is  described 
by  Squires  (1987).  In  essence,  thij  work  is  based  on  the  idea  of  a  Tield  turtle' 
which  is  concemed  with  the  concept  of  action  at  a  distr    t  and  provides  children 
with  an  opportunity  of  exploring  the  behaviour  oi  such  objects. 


Ideal  worlds 

llie  models  that  scientists  use  to  think  about  the  real  world  are  not  obvious  - 
Newtonian  dynamics  as  a  way  of  describing  and  thinking  about  the  manner  in 
which  objects  move  is  a  well  known  and  documented  example.  Scientists  use 
abstractions,  ideas  and  concepts  which  are  inventions  of  science.  There  is  no 
implicit  reason  why  children  should  know  about  them  or  use  them  as  methods  to 
achieve  understanding.  However  they  are  powerful  and  useful  ways  of  looking  at 
the  worid  and  we  maintain  that  the  primary  task  for  science  education  is  to  devise 
ways  of  making  these  scientific  ideas  accessible  and  meaningful  to  children. 

Why  not  represent  these  ideal  conceptualisations  of  the  way  nature  worics  on  a 
computer"  -  not  just  as  a  simulation  of  a  defined  process  or  system  but  as  a  clearly 
articulated  representation  of  scientific  concepts.  In  this  way  we  propose  that  it  is 
possible  to  use  compute   to  provide  experiential  environments  for  children  to 
observe  the  consequences  of  the  application  of  accepted  scientific  ideas. 

Tliere  is  considerable  evidence  that  children  employ  a  range  of  concepts  to 
understand  electric  current  and  that  they  typically  have  difficulty  in  perceiving  and 
using  the  c.'^ssic  model  of  current  flow  iv  simple  d.c.  circuits  (Shipstone  1984). 
Circtdts  (James  et  al.  1986)  attempts  to  provide  an  ideal  environment  through 
software  concemed  with  the  exploration  of  series  and  parallel  circuits  consisting  of 
cells,  bulbs  and  a  switch.  Tne  software  presents  children  with  various  circuits 
which  have  a  fault  which  prevents  some  or  all  of  the  bulbs  in  the  circuit  from 
lighting.  By  moving  a  cursor  around  the  circuit  the  children  can  add  and  delete 
components  using  a  simple  menu  system.  It  is  possible  for  a  teacher  to  specify  the 
order  in  which  the  children  are  presented  with  circuits  and  for  a  teacher  to  ^  isip 
circuits  which  will  be  used  • :       software.  In  this  way  the  teacher  can 
"customise"  the  learning  environment  which  the  children  are  given. 


The  cells  which  the  children  can  use  when  ihey  operate  th'*  jftware  are  never 
"flat"  and  have  zero  internal  resistance,  the  connecting  v    j  have  zero  resistance 
and  equally  rated  bulbs  give  a  uniform  brightness.  In  this  way  the  children  are 
protected  from  the  experimental  "noise"  -  e.g.  loose  connections,  the  idiosyncratic 
behaviour  of  the  bulbs,  and  flat  cells  -  which  we  suggest  often  hinders  their 
perception  of  the  way  in  which  the  behaviour  of  cimple  circuits  can  be  understood. 

The  design  of  this  software  raisf  s  some  interesonf  .uesrions  concerned  with  the 
relationship  of  the  use  ot  this  type  of  software  and  to  experimental  work  in  the 
laboratory.  For  example,  in  an  attempt  to  focus  the  children's  attention  on  the 
BASIC  physics  involved,  the  representation  of  the  brightness  of  the  bulbs  is 
deliberately  stylised  in  terms  of  a  number  of  "spokes'*  surrounding  a  b**lb.  This  is 
a  obviously  a  simplistic  representation  taking  no  account  of  the  variation  in 
brightness  of  a  bulb  with  temperature,  but  we  maintain  that  this  is  understandable 
by  children  and  consistent  with  the  concepts  on  which  the  software  is  based.  It  is 
proposed  that  children  may  be  able  to  interpret  the  results  of  experimental  work  in  a 
far  more  meaningful  way  after  they  have  viewed  the  behaviour  of  simple  circuits  in 
the  ideal  fashion  outlined  above. 

Work  on  the  altemative  frameworks  that  children  employ  to  understand  dynamics 
is  well  known  and  documented  (Gilben  &  Watts  1983).  In  essence,  it  appears  that 
children  find  it  very  difficult  to  conceive  of  a  world  in  which  motion  is  gr  vemcd  by 
Newtonian  dynamics.  In  panicular  there  is  a  commonly  held  belief  that  the  action 
of  a  force  is  to  cause  a  change  in  dis^  '-^cement  rather  than  change  in  velocity  and 
that  left  alone  a  moving  body  will  eventually  corrje  to  rest  without  the  application  of 
any  external  force.  World  of  Newton  (Ogoom,  1986)  provides  a  computer  based 
dynamics  laboratory  in  which  impulsive  forces  can  be  applied  to  an  object  which 
will  the  move  around  the  computer  screen.  The  object  will  move  in  a  Newtonian 
fashion  in  an  environment  in  which  friction  can  be  turned  on  or  off.  the  mass  of 
the  object  can  be  changed  at  will  and  in  which  gravity  can  be  varied  from  zero 
through  a  set  of  discrete  values  to  a  maximum.  It  is  possible  to  trace  the  path  that 
the  object  follows  and  to  superimpose  a  grid  on  ihe  screen.  An  example  of  the 
n'ouon  of  the  object  is  shown  in  Figure  2. 
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Figure  2  An  example  of  the  motion  of  an  object  in  World  of  Newton 

This  software  could  provide  an  environment  in  which  the  child  can  de\rlop  a  tacit 
and  intuiuve  understanding  of  Newtonian  dynamics.  Without  the  intemalis^tion  of 
an  altemative  model  of  dynamics  to  the  commonly  held  Aristotelian  conception, 
there  is  litde  chance  that  they  will  perceive  a  conflict  between  their  views  and  the 
accepted  scientific  model.  We  maintain  that  s   ilar  learning  outcomes  to  those 
proposed  in  association  with  the  use  of  Circuits  may  be  possible  here. 

Conclusion 

It  is  our  proposition  that  the  use  3f  appropriately  designed  computer  software  can 
provide  uniqueexperiencesandinsights  of  scientific  phenomena.  These  may 
provide  an  opponunity  for  children  to: 

i)  construct  their  own  models  of  reality  in  a  suppoij^'e  environment; 

ii)  test  and  evaluate  these  mental  models; 

iii)  compare  and  contrast  their  models  with  commonly  accepted  scientific  models 

Consideration  of  the  potential  for  software  to  give  the  children  these  opponunities 
has  significant  implications  for  the  design  and  evaluation  of  science  educational 
software  which  have  not  been  widely  recognised  to  date.  If  computer  based 
materials  are  to  be  of  genuine  use  in  future  science  education,  the  design  of  the 
materials  must  reflect  an  experiential  approach  to  the  nature  of  isaminp  which  is 
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entirely  consistent  and  supportive  with  a  constructivist  approach  to  learning  in 
science. 
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Patterns  of  Misunderstanding       An  Integrative  Model  of 
Misconceptions  in  Science,  Math,  and  Programming 

D.N.  Perkins  &  Rebecca  Simmons 
Harvard  Graduate  School  of  Education 

Recent  research  In  the  learning  of  physics,  mathematics,  and 
programming  tells  a  tale  of  sinilarity  within  diversity.  Despite 
significant  differences  a»ong  these  domains,  patterns  of  mis- 
understanding appear  In  novices  —  and  sometimes  even  in  experts 
—  that  seem  in  many  ways  to  reflect  analogous  underlying  dif- 
ticultiee.    In  physics,  for  exaaple,  students  typically  solve 
problems  by  rote  equation  cranking.    They  first  engage  in  a  formulaic 
matching  of  the  variables  presented  in  the  problem  to  equations 
and  then  perform  standard  algebraic  transformations  on  the 
equations  to  solve  for  the  unknowns  (Chi,  Glaser,  &  Rees,  1982; 
Chi,  Feltovich,  &  Glaser,  1981;  Larkin,  McDermott,  Simon,  & 
Simon,  1980;  White  &  Horwitz,  1987).    Missing  is  the  sense  of 
the  ''deep  structure**  of  the  problem  organized  around  key  interpretive 
concepts  such  as  conservation  of  energy. 

In  mathematics  problem  solving,  one  sees  the  same  ;;attern 
of  attention  to  surface  similarities.    Schoenfeld  (1985)  notes 
examples  of  students  who  characteristically  perform  meaningless 
calculations  on  a  problem,  with  no  attention  to  whether  or  not 
the  particular  approach  is  Justified,  or  crogress  being  made, 
instead  invoking  schema  apparently  based  on  such  phenomena  as 
recency  or  familiarity.    In  computer  programming  as  well,  ''tem- 
plate-bound**  coding  with  no  apparent  accompanying  attention  to  the 
underlying  mechanisms  of  the  primitives  is  ^  common  and  persistent 
stumbling  block  (Perkins  &  Martin,  1986;  Perkins,  Martin,  & 
Farady,  1986). 

Another  anomaly  frequently  seen  across  domains  Is  the  use 
of  notatlonal  expressions  that  sontehow  violate  the  semanticst 
This  occurs  In  math  wiien  studentK  make  error:,  of  dlstr  Ibutlvl  ty ; 
for  example,  the  square  root  of  A  plus  B  Is  said  tc  equal  the 
square  root  of  A  plus  the  square  root  of  B.    Now  algebra  refers 
to  number 3  —  numbers  provide  Its  semantics,  so  to  speak  —  and 
r.n  effort  to  check  the  distrlbutivi ty  relation  with  numbers 
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would  quickly  disclose  its  error.    In  programming  the  same  phenomenon 
occurs;  one  sees  expressions  such  as  "PRIKT  5  ***  (In  BASIC)  as 
an  attempt  to  output  a  row  of  5  stars  on  the  screen  (Perkins  & 
Martin,  1986).     Students  often  do  not  check  such  expressions 
against  the  semantics  of  the  programming  language  by  hand-executing 
the  expression.     In  the  sciences,  students  not  uncommonly  derive 
and  report  physically  Implausible  or  meaningless  results  —  negative 
speeds  or  masses,  for  Instance  —  because  that  is  what  the  equation 
cranking  has  delivered. 

In  all  these  instances,  It  Is  as  though  the  students  have 
forgotten  what  the  statements  mean  In  terms  of  interpretive 
models  —  numbers  In  the  case  of  algebra,  machine  actions  In  the 
case  of  programming,  physical  quantities  with  certain  constraints 
in  the  case  of  physics  —  and  instead  write  and  manipulate 
expressions  in  ways  that  suit  their  hopes  and  intentions,  unfettered 
by  a  constraining  semantics. 

A  further  problem  exhibited  by  students  can  be  characterized 
as  an  anthropomorphism  or  animism  regarding  major  elements  In 
the  domain.    Naive  animistic  concepts  are  commonplace  In  physics 
For  Instance,  sources  of  forces  need  to  be  agent-like  things 
that  can  **push  back,**  such  as  springs  or  springy  substances; 
rigid  substances  are  seen  as  having  no  way  to  push  back  (diSessa, 
1983;  Clement,  1987).    One  can  argue  that  all  objects  are  more 
or  less  springy,  of  course,  but,  beyond  that,  the  existence  of 
an  equal  and  opposite  reaction  force  does  not  require  springiness. 
Likewise,  in  programming,  many  errors  can  be  attributed  to  a 
conceptual  "superbug"  In  which  the  computer  "understands"  the 
meaning  and  the  Intentions  of  the  statements  it  processes  (Pea, 
1986).    Thus,  for  example,  given  a  variable  name  of  LARGEST  In  a 
Pascal  program,  the  computer  will  **know'*  to  store  the  largest  of 
a  series  of  numbers  It  reads  Into  that  variable  because  It 
comprehends  the  semantic  unit  "largest"  (Sleeman,  1986). 

In  sum,  among  a  surfeit  of  student  misunderstandings,  there 
appear  to  be  some  strong  similarities  across  the  domains  of 
physics,  math,  programming,  and  no  doubt  others  as  well.  This 
observation  rai     3  a  number  of  Intriguing  questions:  Can  one 
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characterize  broadly  parallel  causes  of  these  parallel  nis- 
under«tandlng8?    Moreover,  in  some  degree,  might  the  causes  be 
not  Juet  parallel  but  identical  —  crosscutting  levels  of  Knowledge 
that,  because  faulty  in  certain  ways,  undermine  understanding  in 
several  domains  at  once?    Such  a  stand  would,  of  course,  run 
counter  to  one  current  viewpoint  that  holde  tnat  expert  performance 
is.  by  and  large,  domain  specific.    Finally,  what  educational 
implications  would  follow  from  identifying  parallel  and  comKon 
causes  i 

In  this  article,  we  present  a  tentative  attempt  at  an 
integrative  model  of  misunderstandings  in  science,  math,  and 
programming,  directed  at  answering  these  questions.     First  of 
all,  we  identify  four  levels  of  knowledge  implicated  in  mis- 
understandings.    In  the  first  of  these,  which  is  domain  specific, 
misunderstandings  arise  because  of  parallel  causes  in  different 
domains.    In  the  other  three,  which  are  to  some  extent  croescutting, 
mipunderstandings  arise  in  different  domains  because  of  the  very 
same  causes.    Second,  we  identify  a  few  typical  patterns  or 
syndromes  of  unaerstandini?  —  -gestalts"  that  arise  frequently, 
involving  several  of  the  levels.    We  suggest  that  misunderstandings 
have  causes  at  multiple  levels  that  interlock  to  fora  these 
distinctive  gestalts.     Finally,  we  argue  in  light  of  this  framework 
that  education  characteristically  neglects  large  parts  of  certain 
leveis  of  knowledge  and  virtually  all  of  certain  others.  Better 
education  calls  for  more  thorough  attention  to  each  and  every 
level . 

Four  Frame:   for  Understanding  a  Paradigm 
Adapting  a  term  from  Thomas  Kuhn  (1962).  we  refer  to  the  systems 
of  thought  that  we  would  like  students  to  understand  as  paradigms. 
I  he  term  is  intended  iii  a  more  restricted  sense  than  that  of 
Kuhn,  naming  the  limited  systems  such  as  beginning  algebra, 
elementary  Newtonian  mechanisms,  elementary  programming  in 
BASIC,  and  so  on,  that  students  face.    Nonetheless,  a  paradigm 
even  of  limited  scope  in  the  ideal  has  many  aspects.    Ve  find  it 
heuristic  to  characterize  deep  understanding  of  a  paradigm  as 


involving  a  matter  of  four  interlocked  Iev3l8  of  knowledge  naiAed 
the  content  frame,  the  problem-solving  frame,  the  epistemic 
frame,  and  the  inquiry  frame.    The  term  "frame"  simply  serves  as 
a  reminder  that  each  of  these  is  a  system  of  schemata  internally 
coherent  and  partially  independent  of  the  other  frames. 
In  brief,  the  four  frames  are  as  follows: 

0    Content  frame.    This  contains  the  specific  paradigm  content 
at  issue,  for  Instance  specific  knowledge  of  Newtonian  physics 
or  programming  In  BASIC. 

o    Prob^em-solvlng  frame.    This  encompasses  more  general  knowledge 
concerning  problem  management,  generic  problem  solving  heuristics, 
and  the  like.    The  problem-solving  frame,  In  combination  with 
knowledge  from  the  content  frame,  facilitates  solving  conventional 
textbook  problems. 

o    Episteric  frame.  Thi9  frame  incorporates  norms  about  the 

Justification  of  claims,  procedures,  and  knowledge  systems. 

The  soundness  of  the  paradigm  depends  on  how  well  tne  content 

frame  matches  up  to  the  standards  set  by  the  epistemic  frame* 

o    Inquiry  frame.    This  frame  Includes  general  patterns  of 

thinking  that  work  to  extend  and  to  challenge  a  paradigm.  To 
put  It  another  way,  the  Inquiry  frame  Is  concerned  with 
critical  and  creative  thinking  about  paradigms,  beyond  the 
scope  of  normal  textbook  problems. 

The  four  frames  have  been  described  In  terms  of  what  they 
should  contain.    But.  of  course,  often  these  frames  contain 
Instead  naive  and  reductive  notions.    Sometimes  they  may  contain 
hardly  any  notions  at  all  —  for  Instance,  a  student  may  have  no 
Idea  what  the  epistemic  foundations  of  a  particular  paradigm 
are.  or  how  to  deploy  the  paradigm  In  a  spirit  of  inquiry. 

It  is  easy  to  see  that  Ideal  versions  of  the  four  frames 
wou?d  contribute  to  a  very  sophisticated  understanding  of  a 


paradiga.    However,  one  might  queetlon  whether  all  four  are 
relevant  to  our  aspirations  for  students'  understanding.    Do  not 
they  go  too  »*ar?    Could  not  a  student  perfectly  well  ev;»de  the 
various  oiisconceptions  students  evince  without  nearly  to  sophisticat 
ed  an  armamentum?    Moreover,  the  frames  other  than  the  content 
frame  have  quite  a  general  character;  does  not  this  analysis  run 
counter  to  the  current  evidence  that  expertise  it  heavily  rooted 
in  domain-specific  knowled|?e  (e.g.  Chase  S  Simon,  1973;  Chi, 
Glater,  &  Rees,  1982;  Chi,  Feltovich,  &  Glater,  1981;  Glaser. 
1964;  Mewell  &  Simon    1972;  Schoenfeld  &  Herrmann,  1982)?  For 
all  these  reasons,  the  four  frames  may  appear  to  be  an  unlikely 
basis  for  a  deeper  look  at  the  roots  of  students'  misunder- 
standings. 

Despite  these  concernc,  however,  we  urge  th^it  the  four 
frames  play  a  fundamental  role.    Ve  will  argue  that,  contrary  to 
appearances,  evading  misconceptions  in  any  real  sense  requires 
the  kinds  of  higher  order  sophistication  represented  by  the 
non-content  frames.    The  evidence  on  expertit"*  notwithstanding, 
we  will  argue  that  understanding  intrinsically  involves  domain-gener 
al  considerations  such  is  those  articulated  for  the  non-cortent 
frames. 

A  Radical  Example 
Before  describing  the  four  frames  in  more  detail,  we  can  begin 
on  these  arguments  by  discucsin^  a  single  example  to  preview  the 
general  approach.    As  mentiotied  earlier,  students  commonly  and 
inappropriately  apply  a  principle  of  distributivity  to  the 
radical  sign.    For  example,  an  algebra  student  may  write: 

How  the  key  ctuestion  is:  Why  has  the  student  fallen  into  this 
misconception? 

Thinking  purely  in  terms  of  the  content  frame  for  elementary 
algebra,  one  might  simply  say  that  there  is  a  gap  in  the  student's 
knowledge  base  about  algebra.    The  student  does  not  happen  to 
know  that  distributivity  does  not  apply  to  the  radical.  The 
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Student  either  believes  the  principle  does  apply,  or,  while 
uncertain,  presumes  that  it  does  by  explicit  or  tacit  analogy 
with  the  distributivity  of  multiplication  over  division  and  of 
exponentiation  over  multiplication. 

But  can  one  really  stop  with  the  content  frame?    On  the 
contrary,  the  circumstances  suggest  that  procedures  attributable 
to  a  general  problem-solving  frame  play  a  role  here.     First  of 
all,  the  uncertain  student,  who  uses  analogy  to  generate  a  rule, 
is  deploying  a  general  strategy,  one  that  students  use  in  many 
contexts.    Without  the  analogical  strategy,  there  would  be  no 
false  rule  to  worry  about;  the  student  simply  would  not  know 
what  to  do.    Unfortunately,  it  seems  that  the  students'  problem-solv- 
ing frame  lacks  a  complementary  strategy.    A  strong  problem-solving 
frame  for  math,  the  hard  sciences,  and  programming  embodies  a 
conservative  strategy  to  filter  out  false  analogies:  All  steps 
need  grounding;  when  uncertain,  check  the  soundness  of  an  idea 
rather  than  Just  proceeding  on  speculation.    A  student  lacking 
this  conservative  principle  responds  somehow  —  anyhow  —  in 
order  to  proceed  with  the  problem  (cf.  Brown  St  VanLehn,  1980; 
VanLehn.  1981a). 

Kow  let  us  consider  whether  there  is  a  role  for  the  epistemlc 
frame  in  this  example.    Suppose  the  student  feels  uncertain 
about  the  distributivity  rule  yielded  by  analogy-making,  tfhat 
might  the  student's  epistemic  frame  say  that  would  encourage,  or 
discourage,  an  effort  to  check  the  rule?    Veil,  many  students' 
epistemic  frames  seem  to  treat  rules  of  a  formal  system  like 
algebra  rather  like  "rules  of  the  game."    Somewhere,  someone 
made  up  or  figured  out  the  rules,  which  are  basically  to  be 
learned,  not  checked.    If  one  has  to  check,  one  < sks  the  teacher 
or  locks  the  rule  up  In  a  book.    A  very  different  and  less 
reductive  epistemology  would  recognize  that  any  notational 
system,  such  as  that  of  algebra,  has  a  semantic  basis  that 
entails  the  rules.     In  the  case  of  algebra,  the  semantic  basis  is 
real  number  arithmetic,  and  one  can  always  check  a  proposed  algebraic 
relation  by  testing  it  with  numbern.    A  student  with  a  strong 
sense  that  numbers  provide  the  semantic  foundation  for  algebra 
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is  considerably  more  likely  to  see  checkint  with  ntimbers  as  a 
reasonable  and  rewarding  course  of  action. 

A-?  to  the  inquiry  frame,  It  nust  be  plain  that  proceeding 
on  speculation  discloses  no  critical  posture  at  all  toward  the 
paradigw  and  the  (Invalid)  extension  of  It  offered  by  the  false 
distributivity  rule.  It  is  as  though  the  student's  tacit  Inquiry 
frame  reads  like  this:  Go  by  what  you  know;  If  you  don't  know, 
ask;  If  you  can't  ask,  guess.  In  other  words,  "Inquiry"  takes 
the  reductive  form  of  Interrogating  official  sources. 

With  thU  r  -tlcular  exanple  reviewed,  let  us  return  to  the 
fir«t  of  the  general  questions  raised  earlier:  Could  not  a 
student  evade  this  misconception  without  help  from  the  non-content 
frames?    Well,  of  course  a  student  could.    The  student  might 
simply  know  by  rote  that  the  rule  was  false  and  hence  not  make 
the  mistake.    However,  obviously  this  kind  of  escape  from  error 
does  in  itself  not  constitute  understanding  but  simply  ekill 
with  the  rituals  of  algebra.    To  appreciate  why  there  Is  a  rule 
that  might  hold,  but  does  not,  the  student  must  encompass  more. 
The  student  must  see  how  analogy  motivates  a  certain  rule;  this 
understanding  seems  to  iBplIcate  the  problem-solving  frame.  The 
student  must  see  how  a  check  against  real  numbers  invalidates 
the  rule,  and  must  appreciate  that  this  not  Kerely  a  ritualized 
way  of  checking  expressions  but  rather  Just  the  right  check  to 
make  —  because  the  very  rationale  for  the  rule  structure  of 
algebra  is  Inherited  from  the  real  numbers.    This  Implicates  the 
semantic  frame.    Perhaps  the  student  could  understand  all  this 
without  a  strong  Inquiry  frame,  but  at  least  the  other  two  seem 
necessary. 

How  consider  the  second  question  raised  earlier:  How  does 
all  this  Jibe  with  the  research  on  expertise  that  argues  that 
expertise  is  highly  domain  specific  (e.g.  Chase  &  Simon,  1973; 
Chi,  Glaser,  &  Raes,  1982;  Chi,  Feltovich,  &  Glaser,  1981; 
Glaser,  1984;  Meweli  &  Simon,  1972;  Schoenfeld  &  Herrmann, 
1982).    In  reality,  there  Is  no  conflict.    First  of  all,  tha 
dependency  of  expertise  on  domaln-,pecI f Ic  knowledge  (the  content 
frame)  Is  part  of  the  present  .odel.    For  Instanct.  tha  student 
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is  In  no  position  to  check  or  even  generate  the  false  radical 
rule  unless  the  student  has  the  beginnings  of  an  acquaintance 
with  algebra  and  quite  a  good  sense  of  number.    Secondly,  the 
dependency  on  domain-specific  knowledge  In  no  way  entails  that 
there  are  not  other  more  crosscuttlng  knowledge  systems  at  work 
—  the  problem-solving,  eplstemlc,  and  inquiry  frames.    It  is  not 
from  the  higher  order  frames  alone,  or  the  content-frame  alone, 
that  understanding  emerges,  but  from  their  confluence. 

Thirdly,  and  perhaps  most  Important,  expertise  and  understanding 
are  not  the  same  thing,  at  least  if  we  take  expertise  In  a 
narrow  sense.     It  Is  perfectly  possible  to  be  a  facile  handler 
of  textbook  algebra  problems  without  really  understanding  algebra; 
one  has  merely  become  very  good  at  the  rituals  of  algebra. 
Likewise,  It  Is  perfectly  possible  to  underftand  quite  well  the 
grounds  of  algebra,  but  to  proceed  with  algebra  problems  In  a 
halting  and  roundabout  way  because  one  has  not  yet  acquired  the 
"compiled"  contextuallzed  procedural  knowledge  characteristic  of 
expertise  (cf.  Anderson,  1983), 

With  these  general  points  In  mind,  we  turn  to  discussing 
ths  four  frames  In  more  detail. 

The  Content  Frame 
As  mentioned  earlier,  the  content  frame  encosipass^s  knowledge 
having  to  do  with  the  particulars  of  a  paradigm.    At  ths  heart 
of  a  content  frame  lies  the  core  concepts  that  characterize  the 
paradigm.    In  the  case  of  elementary  Newtonian  physics,  for 
example,  these  would  Include  such  notions  as  force,  mass,  velocity, 
and  acceleration.     In  the  case  of  elementary  programming,  the 
core  concepts  would  Include  the  notions  of  variable,  expression, 
assignment  statements,  loops,  and  so  on.    In  the  case  of  elementary 
algebra,  concepts  like  variable,  expression,  equation,  solution, 
and  so  on,  would  occupy  the  core.    Also  central  to  the  paradigm 
is  what  might  be  jailed  "mapping  schemes"  that  associate  the 
core  concepts  with  referents.    Thus,  for  example,  one  has  to 
associate  mass  or  acceleration  with  the  right  sorts  of  phenomena 
in  the  world  In  order  to  handle  elementary  physics  effectively. 


The  content  frame  can  be  faulty  In  a  number  of  waye.  tfe  dltcue? 
several  to  illustrate. 

Halve,  underdlf f erentlated,  and  malpr lorlt Ized  concepts. 
As  has  been  widely  recognized,  students  do  not  approach  paradigms 
new  to  them  with  empty  minds.    They  bring  preconceptions  that 
often  rival  and  override  those  of  the  paradigm  itself.    For  some 
examples  from  physics,  impetus-like  conceptions  of  motion  have 
been  found  in  students  of  physics  in  numerous  experiments  (e.g. 
Clement,  1982;  Clement,  1983;  McCloskey,  1983;  Ranney,  1987). 
Underdif f erent iat ion  between  neighboring  concepts  such  as  heat 
and  temperature  is  commonplace  —  and  indeed  was  a  problem  in 
the  history  of  physics  (Ui^ser  &  Carey,  1983).    DiSessa  (1983) 
has  pointed  out  that  sometimes  the  problem  can  be  one  not  so 
much  of  mistaken  concepts  as  malprior 1 t ized  concepts.  For 
example,  to  novices  rigidity  is  as  salient  a  property  of  matter 
as  springiness,  whereas  for  a  physicist,  springiness  plays  a 
far-reaching  explanatory  role  while  rigidity  is  a  never-achieved 
limiting  case  of  little  interest. 

Inert  knowledge.    Freshly  acquired  knowledge  is  likely  to 
be  inert,  particularly  if  the  knowledge  was  obtained  in  a  didactic 
fashion  (Bransford,  Franks,  Vye,  &  Sherwood,  1986).    To  offer  an 
example  from  programming,  experiments  with  novice  prograaners 
reported  by  Perkins,  Marti..,  and  Farady  (1986)  and  Perkins  and 
Martin  (1986)  revealed  that  a  high  percentage  of  their  knowledge 
was  InQrt;  While  students  commonly  evinced  for  lack  of  a  relevant 
knowledge  str*jcturei  simple  nonspecific  prompts  often  led  to 
them  recovering  the  relevant  knowledge  and  proceeding  correctly. 
In  other  words,  they  possessed  the  knowledge  but  did  not  initially 
retrieve  it. 

Sometimes  it  is  the  everyday  knowledge  rather  than  the  new 
knowledge  that  is  inert.    For  an  example  from  physics,  youngsters 
who  have  learned  that  Ihermometers  measure  temperature  may  lose 
track  of  the  connection  between  what  the  thermometer  measures  by 
technical  means  and  their  own  sense  of  hot  and  cold.    They  will 
expect  thermometer  readings  to  add  to  yield  twice  the  temperature 
when  two  cups  of  water  at  the  same  temperature  are  combined. 
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never  considering  their  own  common-sense  knowledge  that  the 
"feel"  of  the  water  will  be  the  same  (Strauss,  1986). 

Garbled  knowledge.    Inertness  aside,  newly  acquired  knowledge 
commonly  gets  mixed  up  in  various  ways  as  well.    To  mention  a 
few  examples,  beginning  students  of  physics  may  recognize  friction 
ao  a  force  operative  when  one  object  is  moving  against  another, 
but  not  when  the  object  is  stationary  against  the  other  {Roth  & 
Chaiklin,   1987).     Students  may  attribute  both  impinging  force  and 
reaction  force  to  the  same  object,  rather  than  the  reaction 
force  to  the  "supporting**  object  (Anzai  &  Yokoyama,  1984).  In 
programming,  students  may  inport  elements  from  one  command  into 
the  midst  of  another  (Perkins  &  Martin,  1986).     In  arithmetic, 
students  attempt  diverse  variations  on  the  rules  of  arithmetic 
in  order  to  "reoalr"  the  situation  when  they  do  not  quite  know 
what  to  do  (Brown  &  VanLehn,   1980;  VanLehn,  1981a). 

Formulaic  thinking.    One  common  tactic  students  develop  for 
coping  with  the  flood  of  new  information  as  thtr/  encounter  a 
paradigm  is  to  develop  template-like  responses  to  particular 
cases,  without  grasping  the  "deep  structure"  of  the  paradigm. 
Their  formulaic  thinking  shows  up  when,  faced  with  a  somewhat 
new  situation,  they  respond  in  a  stereotyped  way.     For  example, 
one  student  of  programming  who  had  recently  studied  FOR-HEXT 
loops  felt  that  a  problem  really  ought  to  include  one  and  quite 
correctly  incorporated  a  FOR-MEXT  loop  oi  the  form  FOR  N  =  1  to 
1  (Perkins  &  Martin,  1986).     Similarly,  students  in  arithmetic 
commonly  develop  stereotyped  responses  to  key  terms  in  word 
problems  —  "less**  means  subtract,  "times"  moans  multiply,  and 
so  on . 

Considerations  like  those  raised  above  help  us  to  understand 
why  students  display  the  difficulties  that  they  do.  Naive 
concbpts  naturally  will  rival  the  new  ones  out  of  the  textbook. 
Formulaic  thinking  is  a  reasonable  although  limited  coping 
strategy.    A  recently  acquired  knowledge  base  is  likely  to 
contain  considerable  garbled  and  inert  knowledge.    Yet  there  is 
more  to  puzzle  about  than  these  considerations  in  themselves 
ex^Uain.    With  the  problem-solving  frame  in  mind,^  why  do  students 
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not  •truffle  harder  to  retrieve  or  work  around  their  inert 
knowledfe  and  to  diaentangle  their  garbled  knowledge?    With  the 
epietenic  frame  in  wind,  why  do  atudents  often  clinf  stubbornly 
to  naive  concepts  even  when  they  have  been  shown  demonstrations 
and  given  arguments  that  reveal  profound  difficulties  in  those 
naivfc  concepts?    With  the  inquiry  frame  iii  mind,  why  do  students 
not  display  a  more  critical  and  creative  spirit  in  questioning 
their  first  construals? 

The  import  of  these  questions  is  straightforward.  Although 
the  misconceptions  students  manifest  certainly  involve  the 
content  frame,  the  misconceptions  appear  to  be  exacerbated  by 
weaknesses  in  the  olher  frames.    Me  ts^rn  now  to  examining  the 
character  of  some  of  these  weaknesses. 

The  Problem-Solving  Frame 
Ideally,  the  problem  solving  frame  incorporates  metacognit ive 
knowledge  that  helps  one  direct  the  problem-solving  process.  It 
includes  heuristics  such  as  breakiig  problems  down  into  manageable 
parts,  regulating  time  spent  on  any  ore  solution  path,  seeking 
alternative  paths  when  appropriate,  and  so  on  (Polya,  1954; 
Schoenfeld,  1980.  1985).    It  also  includes  supportive  beliefs 
about  and  attitudes  toward  the  problem-solving  process.  Un- 
fortunately, however,  the  novice's  problem-solving  frame  may 
instead  be  stocked  with  a  number  of  marginally  productive  or 
counterproductive  strategies,  attitudes,  and  beliefs.    Here  are 
some  cases  in  point. 

Trial  and  error.    Undisciplined  trial  and  error  methods  are 
surprisingly  common.    In  mathematics,  Schoenfeld  (1985)  cites 
the  example  of  college  freshmen  (having  completed  a  semester  of 
college  calculus)  who,  given  a  task  of  geometric  construction, 
guessed  incorrectly  a  solution  within  a  minute  of  reading  the 
problem,  kept  guessing  until  they  came  up  with  a  reasonable 
solution  on  the  third  conjecture,  but  were  unable  to  say  why  the 
solution  worked,  offering  only,  "It  Just  does." 

Perseveration  and  quitting,    iknother  common  hazp-'i  is 
perseveration  with  an  approach  that  is  yieldinr  no  real  progress 
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on  the  problem.    Again,  Schoenfeld  (1985)  describes  examples  of 
this  behavior.    Quitting  is  the  flip  side  of  perseveration.  The 
behavior  of  sizing  up  a  math  problem  and  quitting  at  once  if  no 
obvious  path  to  a  solution  presents  itself  is  commonly  remarked. 
In  programming  a    well,  we  have  observed  both  perseveration  in 
an  approach  and  the  tendency  to  quit  (Perkins,  Hancock,  Hobbs, 
Martin,  &  Simmons,  1986). 

Proceeding  on  a  guteBB.    As  discussed  in  the  case  of  the 
radical,  students  who  cannot  recall  Just  what  the  rule  is  commonl/ 
make  plausible  conjectures  and  then  proceed  on  that  basis,  doing 
nothing  to  test  their  conjectures.    They  thus  reason  by  analogy 
to  generate  a  possibility  —  an  intelligent  move  —  but  fail  to 
deploy  any  kind  of  filter  to  check  their  possibility. 

Equation  cranking.    One  of  the  most  commonly  observed 
characteristics  of  novice  ^*  oblem  solvers  is  an  "equation  cranking** 
approach,  whereby  the  students  note  what  needs  to  be  derived, 
seek  equations  that  yield  those  results,  and  work  backward 
toward  the  givens  until  they  find  a  chain  of  equations  that  will 
bridge  f-om  givens  to  solution  (cf.  Chi,  Feltovich,  0:  Glaser, 
1981;  Chi,  Glaser,  &  Rees,  1982;  Larkin,  KcDermott,  Simon,  & 
Simon,  1980;  Wh'te  &  Horwitz,  1987).     In  part,  this  pattern 
reflects  content  frame  difficulties;  novices  lack  the  insight 
into  the  f^omain  to  assemble  qualitative  models  as  a  basis  for 
reasoning  forward  from  givens  to  unknowns,  the  more  typical 
expert  path.    At  the  same  time,  one  would  hope  that  part  of  the 
i^ieai  problem-solving  frame  would  be  a  disposition  to  seek  such 
paths,  using  the  limited  knowledge  at  one's  disposal  tc  understand 
qualitatively  the  problem  as  best  one  could. 

The  Epistemic  Frame 
The  epistemir  frame  focuses  on  general  norms  having  to  do  with 
the  grounding  of  the  concepts  and  constraints  in  a  paradigm. 
For  example,  in  physics,  one  ought  to  have  a  theo-y  that  is 
consistent  with  the  evidence.    Also,  one's  intuitive  notions  of 
the  constructs  involved  should  match  one's  formal  manipulation 
of  those  concepts  usir.g  logic  and  mathematics.    In  contrast  with 
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many  areas  of  life,  the  hard  sciences,  mathematics,  and  programming 
demand  extraordinarily  high  standards  of  coherence  betwef»n 
models  and  what  they  describe  and  within  models  themselves. 
Unfortunately,  most  students  have  not  developed  the  hypersensitivity 
to  coherence  required  by  these  technical  domains.    Among  the 
weaknesses  in  the  novice's  epistemic  frame  are  these. 

Intuitlonfl  mask  contrary  obaervation.    Expectations  based 
on  naive  intuitions  and  prior  practice  not  uncommonly  actually 
modify  what  one  sees  or  recollects.    For  example,  diSessa  (1983) 
notes  that  people  typically  analyze  the  question,  "How  would 
blocking  the  intake  of  a  vacuum  cleaner  affect  the  sound  of  the 
motor,"  by  applying  an  intuitive  concept  (in  diSessa's  terme,  a 
p-prim  or  phenomenological  primitive)  in  which  greater  resistance 
means  greater  strain,  implying  a  lower-pitched  sound.     In  fact, 
the  pitch  goes  up,  but  diSessa's  interview  subjects  frequently 
reported  remembering  that  the  pitch  went  down,  in  confirmation 
of  their  faulty  analysis. 

Intuitions  have  priority  over  internal  coher'^nce.  The 
notion  that  objects  of  different  masses  fall  at  different  speed 
lacks  coherence,  as  Galileo's  famous  argument  established.  The 
notion  that  a  book  on  a  table  pushes  on  the  table,  but  the  table 
does  not  push  back  on  the  book,  also  does  not  yield  a  coherent 
analysis:  There  is  no  physical  basis  local  to  the  interface 
between  thirjs  that  permits  determining  from  which  direction  the 
force  Is  coming  (cf.  Clement,  1987).    The  notion  that  one  can 
have  an  avsragfe  of  1.5  offspring  per  family  may  be  rejected  as 
nonsensical  even  though  the  mathematical  meaning  of  average 
makes  it  perfectly  coherent  (cf.  Strauss,  1986).    The  notion 
that  a  computer  program  "knows"  what  input  values  should  go  into 
variable  names  LARGEST  dies  hard,  even  though  students  know  in 
principle  that  the  choice  of  variable  names  is  theirs,  a  point 
incoherent  with  such  wisdom  on  the  part  of  the  computer  (cf.  Slee- 
man,  1966).    Such  examples  suggest  that  people  comKonly  fail  to 
notice  the  incoherencies  in  their  intuitive  mental  models,  and, 
often,  when  incoherencies  are  bt ousht  to  their  attention,  the 
incoherencies  sinply  do  not  appear  very  important.    The  robust 


intuitive  model  seems  worth  preserving  in  the  face  of  a  few 
minor  discrepancies. 

The  grounding  of  the  paradigm's  rules  is  ne&lected.  Multi- 
plication is  distributive  over  addition  in  algebra,  bat  the 
square  root  is  not  distributive.    Air  resistance  aside,  bodies 
of  different  masses  fall  at  the  same  speed.    Where  do  such  rules 
come  from?    As  noted  earlier,  novices  may  easily  view  cuch  rules 
as  "rules  of  the  game,"  something  someone  figured  out  sometime 
that  one  just  has  to  learn.    However,  again  as  noted  earlier, 
the  grounding  of  rules  of  algebra  essentia::/  lies  in  rules  of 
arithmetic.    Checking  a  rule  of  algebra  against  arithmetic  is 
not  merely  using  a  conventional  trick,  but  doing  just  the  right 
thing  —  turning  to  the  epistemological  foundation  of  algebra. 

In  the  case  of  the  hard  sciences,  it's  commonplace  to  view 
empirical  inquiry  as  the  epistemological  foundation.    This,  of 
course,  makes  the  foundation  inaccessible  to  most  students,  who 
are  in  no  position  to  go  out  and  do  experiments.    However,  vre 
suggest  that  in  fact  a  significant  part  of  the  foundation  of, 
for  example,  physics  lies  in  logical  coherence  and  in  coherence 
with  gross  features  of  the  world,  rather  than  in  agreement  with 
the  fine  structure  of  the  world.    For  instance,  Galileo's  argumunt 
that  objects  of  any  mass  fall  at  the  same  speed  depends  basically 
on  logic  and  on  our  intuition  that  snipping  a  string  between  two 
objects  is  not  going  to  make  that  much  of  a  difference  in  their 
rates  of  fall.    The  proportionality  of  F  with  a  in  F=ma  can  be 
justified  in  the  same  way.    Inverse  square  laws  can  be  conceptualized 
and  Justified  in  terms  of  a  flux  concept. 

To  be  sura,  such  Justifications  await  for  final  verification 
on  empirical  evidence,  but  they  can  easily  precede  it  and.  In 
many  cases  at  least,  the  world  would  be  a  very  strango  place  if 
the  principles  di .  - Jt  hold  up.    They  also  frequently  have  the 
advantage  of  providing  more  compellir.g  understandings  of  the 
phenomena  concerned  than  does  mere  evidence.    They  show  not  that 
something  happens  empirically  to  be  the  case  but  wh::  it  almost 
has  to  be  the  case.    Accordingly,  the  notion  that  the  epistemological 
foundations  of  physics  and  other  hard  sciences  are  through  and 
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through  empirical,  requiring  Aountains  of  data,  does  mischief  by 
depriving  students  of  an  important  Intellectual  resource. 

The  Inquiry  Frame 
The  inquiry  frame  is  the  most  ambitious  and  perhaps  hardest  to 
deve^      of  the  four  discussed.    The  inquiry  frame  encompassss 
knowltdgs  and  attitudes  having  to  do  with  (a)  challenging  elements 
of  a  paradigm  or  the  whole  paradigm  and  (b)  extending  a  paradigm 
beyond  its  conventional  scope.    Such  patterns  of  thought  not  so 
commonly  found  even  ii\  experts  in  a  field.    On  the  contrary,  one 
often  encounters  patterns  like  these: 

Confirmation  bias.    The  tendency  to  confirm  preconceptions 
emerges  strong  and  clear  in  work  on  naive  physics.    One  would 
hope  that  sophiatication  in  math,  programming,  and  the  sciences 
would  bring  with  it  a  general  caution  about  preconceptions.  And 
perhaps  that  happens  to  a  degree.    However,  it  is  not  rare  to 
see  experts  exhibiting  problems  of  confirmation  bias  not  unlike 
those  that  plague  novices,  but  on  a  more  sophisticated  plane. 
For  an  example  from  the  history  of  physics.  Wiser  and  Carsy  (1983) 
discuss  how  scientists  exploring  an  early  model  of  temperature 
with  admirable  methodology  persistently  overlooked  puz2les  ths 
data  posed  for  their  theory.    For  a  contemporary  example,  most 
individuals  with  considerable  training  in  physics  conclude  that 
the  pressure  at  the  bottom  of  a  milk  bottle  is  constant  regardless 
of  whether  the  cream  is  distributed  or  has  separated  out  at  the 
top.    In  fact,  the  pressure  changes,  but  a  robust  elementary 
physics  schema  that  says  roughly  that  pressure  distributes 
itsslf  in  all  directions  overrides  other  reasoning  (Jack  Lochhead, 
personal  communication). 

Ko  problsm  finding.    Even  elementary  mathematics,  science, 
and  programming  provide  enough  information  for  students  to 
engage  in  problem  finding  activities,  where  they  formulate  or 
participate  in  formulating  the  problems  to  be  addressed  (re 
methematics,  see  Brown  &  Walter,  1983;  Schwartz  &  Yerushalmy, 
1987).    However,  students  show  little  tendency  to  engage  in 
problem  finding  and,  indeed,  conventional  schooling  offer:  fow 
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opportunities  for  such  activity.    This  is  unfortunate,  since  evidence 
suggests  that  a  disposition  toward  problem  finding  relates 
strongly  to  creative  productivity  (Getzele  &  Csikszentmihalyi , 
1976;  Mansfield  a  Busse,  1961). 

Academic  applications  only.    It  is  very  easy  for  technical 
knowledge  to  remain  encapsulated  in  academic  contexts,  rather 
than  becoming  a  window  on  the  world  In  general.    For  an  extreme 
example,  Richard  Feynman  (1985)  writes  eloquently  of  his  experience 
as  a  visiting  professor  in  a  culture  with  a  strong  tradition  of 
rote  education.    Students  would  memorize  definitions  of  abstract 
physical  concepts  and  even  master  textbook  problem  solving,  but 
have  no  idea  what  ordinary  events  and  objects  in  the  world  the 
abstractions  '^escribed. 

Patterns  of  Hisunderstanding 
A  discussion  of  the  frames  of  knowledge  described  above  is  a 
useful  way  to  orient  oneself  to  dimensions  of  variation  in  the 
types  of  misconceptions  students  frequently  display.  Beyond 
this,  a  closer  examination  of  misconceptions  revealc  certain 
"patterns'*  of  misunderstanding  that  reflect  distinctive  gaps  in 
the  four  frames.    In  this  section,  we  describe  three  of  the  most 
important  to  illustrate  the  general  idea:  naive,  ritual  and 
Gordlan  patterns  of  misunderstandings. 

It  is  our  view  that  articulating  such  patterns  serves  two  major 
purposes.    First,  the  patterns  act  as  an  explanatory  tool, 
enabling  one  to  discuss  complex  misunderstandings  in  terms  of 
characteristic  profiles  across  the  fou    frames  of  knowledge. 
Second,  there  is  a  psdagogical  payoff:  The  patterns  suggest 
directions  for  effective  instructional  intervention. 

Naive  concepts 

One  of  the  most  typical  patterns  apparent  in  many  domains 
might  best  be  called  a  naive  pattern  of  misconception.  This 
syndrome  characterizes  the  thinking  of  many  novice  students. 
Such  students  are  typically  relatively  uninformed;  the  misconception 
emerges  prior  to  much  formal  instruction  on  the  topic  in  question. 


Consider  an  example  mentior  d  before,  for  instance:  Students 
often  take  the  position  that,  although  a  book  on  a  table  pushes 
down  on  the  table,  the  table  does  not  push  up  on  the  book.  The 
students  perceive  no  room  for  a  reaction  force,  because,  based 
on  their  experience  with  the  real  world,  the  table  is  "rigid.** 
Vhen  the  suggestion  is  raised  that  the  table  might  be  springy 
after  all,  students  commonly  think  otherwise.     If  it  is  argued 
on  logical  grounds  that  the  notion  of  one-sided  forces  makes  no 
sense,  students  may  not  see  the  argument  or  take  the  view  that 
it  is  too  finicky  (cf.  Clement,  1987). 

Vith  this  example  at  hand,  how  can  one  characterize  the 
naive  pattern?    Vith  respect  to  the  content  frame,  students 
simply  lack  a  concept  or  a  priority  among  concepts  that  they 
might  obtain  with  further  instruction.    Thus,  in  the  example  of 
the  book  and  the  table,  one  sees  the  novice  treating  "rigidity" 
as  a  concept  with  priority  over  "springiness,"  (cf.  diSessa, 
1983).     In  contrast,  the  expert  recognizes  springiness  as  a  much 
more  powerful  explanatory  tool. 

In  part,  then,  the  novice's  problem  is  sioiply  one  of  editing 
initial  conceptions  in  light  of  new  knowledge  as  it  comas  along. 
However,  this  in  itself  does  not  explain  why  naive  nations  often 
are  so  robust,  another  characteristic  of  the  naive  pattern.  Of 
course,  cognitive  load  and  related  developmental  factors  are 
likely  to  be  responsible  in  part  (cf.  Brainerd,  1983;  Case, 
1984,     995).    However,  it's  also  helpful  to  consider  the  role  of 
the  epiatemic  and  inquiry  frames  in  a  naive  concept.  Counter- 
arguments fall  on  deaf  ears  in  part  because  the  students  have 
not  yet  recognized  that  in  science  the  rules  of  the  game  demand 
that  things  hang  together  in  an  extraordinarily  coherent  fashion. 
Small  anomalies  simply  will  not  do. 

Moreover,  if  one  can  account  for  a  wide  range  of  phenomena 
with  springiness,  and  treat  rigidity  as  a  kind  of  limiting  case, 
this  parsimony  is  good  scientific  coin  and  the  intuitive  reality 
of  rigidity  simply  will  have  to  give  way.    All  this  i»  part  of 
what  might  be  called  the  **culture  of  science,**  a  culture  which 
cannot  be  taken  for  granted  and  which  students  typically  have 


ERIC 


7fi7 


had  little  chance  to  assimilate.    As  to  the  inquiry  frame,  naive 
students  —  like  many  advanced  students  and  even  professional 
scientist*?  —  show  little  inclination  to  examine  critically 
their  notions,  but  rather  take  intuitions  for  granted,  exh'biting 
a  strong  confirmation  bias. 

We  have  not  yet  mentioned  the  problsc-^sniving  f-ame.  This 
frame  is  not  a  central  element  in  the  naive  pattern,  simply 
because  the  student  is  not  yet  at  the  level  of  seriously  engaging 
in  technical  textbook  problem  solving.    However,  as  will  be 
emphasized  in  the  next  pattern,  naive  intuitions  can  continue  to 
affect  performance  even  in  students  with  considerable  technical 
problem-solving  skills.     In  sum,  a  naive  concept  points  to  a 
shortfall  across  all  frames  of  knowledge.    Poor  performance  is 
the  consequence  of  misconceptions  in  the  content  frame  protected 
from  revision  by  episte^dic  and  inquiry  frames  that  lack  **the 
culture  of  science." 

Ritual  concepts 

In  contrast  to  a  naive  pattern  of  misunderstanding,  what  we 
call  the  "ritual  pattern"  arises  in  students  who  have  undergone 
considerable  formal  instruction  and  may  well  have  developed  a 
high  degree  of  technical  problem-solving  skill  in  dealing  with 
textbook  problems.    At  first  glance  the  student  seems  to  have 
quite  a  respectable  understanding.    Yet,  further  analysis  establishes 
that  in  fact  the  student  applies  knowledge  in  a  somewhat  ritualistic 
fashion,  and  proves  unable  to  deal  with  novel  situations  even 
when  the  knowledge  base  should  be  more  than  adequate  to  the 
task. 

The  ritual  knowledge  syndrome  has  three  notable  features. 
First,  the  student  is  typically  adept  at  equation  cranking  as  a 
means  of  solving  technical  problems,  exhibiting  a  clear  grasp  of 
many  of  the  intricacies  of  the  notational  systems  in  question; 
however,  the  student  displays  little  sensitivity  to  the  "deep 
structure**  of  problems  in  the  domain  (cf.  Chi,  Glaser*  &  Rees, 
1982;  Chi,  Feltovich,  &  Glaser,  1981;  Larkin.  McDermott.  Simon. 
&  Simon.  1980;  Schoenfeld  &  Herrmann,  1982).     Second,  when  tasks 
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are  posed  that  do  not  gult  the  equation-cranking  approach, 
unrevlsed  and  Incorrect  Intuitive  knowledge  commonly  overrides 
the  student's  technical  knowledge.    For  example,  many  students 
who  have  received  significant  physics  instruction,  even  at  the 
college  level,  displuy  misconceptions  when  qualitative  problems 
are  pcsed  (Clement.  1982.  1983;  McCloskey.  1983). 

For  instance,  students  marking  the  forces  at  wurk  as  a 
tossed  ball  rises,  peaks,  and  falls  commonly  Identify  a  false 
"Impetus*  force  that  sustains  the  upward  rise,  m^tci.es  gravity 
at  the  peak,  and  disappears  or  at  least  becomes  less  than  gravity 
cn  the  fall.     This  Is  an  Interesting  misconception  In  that  many 
of  the  students  displaying  the  misconception  have  studied  Newton's 
laws  of  motion  and  ostensibly  could  apply  the  laws  to  reason  out 
the  pr<>bleoi.    Mnreover,  students  could  in  fact  take  the  given 
problem  and  cast  It  algebraically,  finding  no  force  at  play  other 
than  gravity  In  analogy  to  other  problems  they  have  done  —  for 
Instance,  finding  how  high  the  ball  would  rises  given  a  certain 
upward  momentum  from  the  toss.    Yet.  Instead,  students  resort  to 
a  reliance  on  naive  Intuitions  and  Ignore  the  scientific  knowledge 
at  their  disposal. 

A  third  feature  of  the  ritual  pattern  of  misunderstanding 
addresses  the  flip  side  of  the  situation  described  above:  Instead 
of  unsound  intuitions  overriding  technical  knowledge,  overgenerallzed 
technical  knowledge  domlnatee  a  situation.    Consider  for  example 
the  milk  bottle  example  mentioned  earlier.  In  which  even  professional 
physicists  usually  argue  that  the  pressure  at  the  bottom  of  a 
milk  bottle  is  no  different  with  the  cream  dispersed  than  with 
the  cream  separated  out  at  the  top.    Here,  a  sophisticated 
schema  about  pressure  proves  overgenerallzed  and  prompts  an  Incorrect 
response  (Jack  Lochhead,  personal  communication). 

How  do  the  four  frames  of  knowledge  inform  us  In  the  case 
of  the  ritual  pattern?    In  the  content  frame,  one  finds  a  much 
more  sophisticated  verbal  knowledge  base  than  In  the  naive 
pattern.     However,  the  intuitive  Imaglstic  level  of  students' 
content  understanding  has  hardly  been  touched.    Naive  conceptions 
persist  underneath  and  resurface  when  the  student  does  not 
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immediately  see  a  quantitative  solution  to  a  problem.    Also,  students 
may  have  acquired  overgeneral ized  technical  schemas  that  generate 
errors.    In  the  problem-solving  domain,  contrary  to  the  naive 
pattern  of  behavior,  students  may  In  fact  exhibit  quite  sophisticated 
performance  In  ^ec^nIcal  problem  solving.    However,  knowledge  in 
the  epistemic  and  inquiry  frames  may  be  hardly  more  developed 
than  before;  students  do  not  display  much  sense       the  epistemic 
roots  of  principles  nor  take  a  critical  stance  toward  their 
Intuitions. 

Gordian  concepts 

Finally,  let  us  examine  what  we  will  call  a  "Gordian  pattern" 
of  misconceptions,  so  named  for  the  proverbial  Gordian  knot. 
The  Gordian  pattern  occurs  when  experts  elaborate  a  theory  with 
serious  undetected  errors.     In  this  case  the  four  frames  seem  to 
be  quite  well  developed  and  there  Is  an  expectation  that  the 
resultant  theories  are  well  grounded.     Yet,  for  all  that,  grossly 
erroneous  conclusions  are  drawn  from  data.     Consider,   for  example, 
the  work  of  1 7th  century  experimenters  in  the  area  of  thermal 
phenomena  (Wiser  S  Carey,  1983).  This  group  of  scientists  had 
developed  a  theory  of  thermodynamics  b^^sed  on  a  mechanical 
model.     In  their  Source-Recipient  model  there  was  no  differentiation 
between  heat  and  temperature;  rather,  heat  and  cold  were  conceived 
of  having  Intrinsic  force  or  strength,  and  were  seen  as  two 
separate  concepts      This  led  them  to  concentrate  empirical 
research  on  seeking  out  the  mechanical  effects  of  heat  and  cold, 
adopting  a  causal  explanatory  stance  of  therral  phenomena,  and 
Ignoring  the  possibility  of  an  Intervening  variable  (temperature) 
to  link  heat  to  volume  expansion.  This  led  them  again  and  again 
to  miss  or  reinterpret  to  suit  their  theory  anomalies  in  their 
data. 

In  this  Gordian  pattern,  the  four  frames  play  out  in  an 
Interesting  way.    The  content  frame  was  constructed  from  a  set 
of  principles  and  notatlonal  system  accepted  by  the  scientific 
community  at  large.    The  problem-solving  techniques  were  advanced. 
In  general,  the  epistemic  frame  was  well  developed  also:  The 
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scientists  certainly  too'c  care  to  justify  their  claims  with 
observational  data.    However,  confirmation  bias  appeared  in  the 
inquiry  frame,  even  to  the  point,  or  misreading  the  significance 
of  data.    To  be  sure,   just  what  one's  posture  as  ^Tientist 
ought  to  be  toward  anomalies  in  data  with  reference  to  current 
theory  is  a  dilemma:  Some  argue  that  new  theorids  need  to  be 
protected  for  a  while  from  the  rigorous  test  of  conformity  with 
data  so  that  thsy  have  time  to  grow  (e.g.  Feyerabend,  1975). 
However,  at  least  it  seems  desirable  to  know  that  the  anomalies 
are  there,  even  if  one  defers  considering  them. 

Teaching  for  Understanding 
The  foregoing  analyses  argue  that  learning  with  understanding 
calls  for  attention  not  just  to  the  content  frame  but  to  all 
four  frames.    Moreover,  at  different  levels  of  learning  the 
technicalities  of  a  domain,  different  patterns  of  misunderstanding 
present  themselves.     In  this  context,  two  questions  arise:  To 
what  extent  does  normal  educational  practice  address  the  four 
frames  and  the  patterns  of  misunderstanding?    Is  it  feasible  to 
design  instruction  developing  abilities  associated  with  the  four 
frames  and  addressing  the  patterns? 

As  to  the  first  of  these  questions,  conventional  instruction 
does  not  score  very  well.     In  the  typical  school  settings  the 
inquiry  frame  gets  virtually  no  attention  at  all.    On  the  contrary, 
paradigms  are  taught  as  received  knowledge  riot  subject  to  challenge. 
Moreover,  the  curriculum  Is  dominated  by  stereotypical  "school 
problems"    —  school  algebra,  school  physics,  school  programming, 
and  so  on  —  with  students  little  encouraged  to  map  the  content 
into  applications  beyond  school  problems.    The  epistemic  frame 
fares  only  a  little  better.    To  be  sure,  in  some  kinds  of  mathematics 
instruction  —  Euclidean  Geometry  for  example  —  attention  is 
paid  to  the  question  of  proof.    Also,  in  some  science  instruction, 
key  experiments  are  celebrated  and,  when  accessible,  reproduced 
in  the  school  laboratory.     However,  all  this  typically  has  the 
character  of  a  ritual  exercise  where  rote  learning  dominates. 
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The  problem-solving  and  consent  frames  are  the  focus  of 
most  classroom  instruction.    On  the  positive  side,  certainly 
students  receive  exposure  to  plenty  of  content  and  get  extensive 
piactice  in  solving  problems.    Better  students  may  become  quite 
good  at  solving  textbook  problems.    However,  on  the  negative 
side,  conventional  education  offers  little  direct  instruction  in 
heuristics  and  problem-solving  management,  adopting  an  almost  pui  e 
demonstration  and  practice  approach  without  attention  to  the 
met ^wOgnitive  side  of  problem  solving.    As  to  the  content  frame, 
it  is  routinely  recognized  that  most  curricula  attempt  to  cover 
far  too  much  content  at  the  cost  of  depth  of  understanding. 

In  summary,  conventional  education  gives  most  attention  to 
the  content  frame,  next  most  to  the  problem-solving  frame,  next 
the  epistemic  frame,  and  finally  and  hardly  at  all  to  the  inquiry 
frame.  But  even  tne  content  frame  does  not  fare  all  that  well. 
Moreover,  the  thrust  of  our  argument  has  been  that  teaching  for 
understanding  requires  attention  to  all  the  frames;  one  cannot 
just  teach  content  and  expect  understanding. 

Then  what  about  the  prospects  for  education  that  develops 
abilities  in  the  various  frames?    Is  this  ivory  tower  idealism, 
or  is  there  reason  to  think  that  such  instruction  is  possible? 
Ue  urge  that  Instruction  of  this  sort  not  only  is  possible  but 
has  been  carried  out  a  number  of  times,  albeit  most  often  In 
experimental  settings. 

The  content  frame.    Here  it  is  natural  to  consider  in- 
structional efforts  targeted  on  specific  ccTicent  obJ<>ctives. 
So,  for  example,  White  and  Horwitz  (1967)  have  constructed  and 
demonstrated  the  efficacy  of  a  nicroworld  designed  to  give 
students  a  better  grasp  of  Newtonian  motion.    Sidney  Strauss  and 
his  colleagues  have  used  inrtiuctlon  by  way  of  analogies  to  help 
students  to  understand  the  nature  of  the  mathematical  mean 
(Strauss,  1986).    Ue  and  colleagues  at  The  Educational  Technology 
Center  have  constructed  a  "metacourse"  for  elementary  programming 
instruction  that,  interleaved  with  a  teacher's  normal  instruction, 
provides  mental  models  and  stra^.egles  that  help  students  to 
grasp  how  the  computer  works  and  have  a  strong  impact  on  students' 
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programming  performance  (Perkins,  Schwartz.  &  Simmons,  in  press; 
Perkins,  Farady,  Simmons,  &  Villa.  1986).    There  are  many  other 
examples  of  like  approaches,  of  course,  including  additional  research 
undertaken  at  ETC  in  the  araa  of  mathematics  (e.g..  Kaput,  1986; 
Kaput,  Luke,  Poholsky,  &  Sayer,  19B6;  Schwartz  &  Yerushalmy, 
1987)  and  science,  specifically,  weight  and  density  (e.g., 
Frenette.  1987;  Smith,  Snir,  Grosalight  &  Frenette,  1986)  and 
heat  and  temperature  (e.g.,  Wiser,  1985). 

The  problem-solving  frame.    While  the  foregoing  examples 
involve  and  inform  problem  solving,  they  do  not  focus  on  the 
problem-solving  process  extensively.    In  rontrast,  the  work  of 
Alan  Schoenfeld  has  emphasized  the  direct  teaching  of  heuristics 
and  problem  management  strategies  for  mathematical  problem 
solving  (Schoenfeld.  1980,  1982,  1985;  Schoenfeld  &  Herrmann. 
1982).    In  experiments  with  a  college-level  intensive  course. 
Schoenfeld  has  demonstrated  striking  improvements  in  students' 
mathematii 'j1  problem-solving  abilities,  with  transfer  to  problems 
of  unfami. lar  types  and  with  changes  in  students'  classification 
of  proble£ in  the  direction  of  expert  mathematical  problem 
solvers  (S-hoenfeld .  1982;  Schoenfeld  &  Herrmann,  1982). 

The  -jristemic  frame.    While  one  can  approach  dsvelopment  of 
students'  understanding  in  various  ways,  a  classic  approach  in 
the  PiagelJan  tradition  is  to  involve  students  in  situations 
that  create  an  epistemic  tension  between  their  initial  conceptions 
and  the  situations  examined,  luring  them  into  an  inquiry  process 
that  leads  them  to  restructure  their  conceptions.    To  mention  an 
example  already  discussed,  students  of  high  school  physics 
initially  tend  to  hold  that  although  a  book  on  a  table  pushes 
down  on  the  table,  the  table  does  not  push  up  on  the  book  — 
there  is  no  reaction  force,  because  the  table  is  rigid  iind 
cannot  push  back. 

John  Clement  and  his  colleagues  have  explored  a  Socratic 
classroom  procedure  in  which  the  teacher  moderates  a  discussion 
exploring  the  logic  of  this  position:  What  about  a  book  sitting 
on  a  spring?    What  about  a  bendy  table?    At  the  opposite  extreme, 
what  about  a  fly  standing  on  c  road?    Through  this  activity, 
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many  students  come  to  see  that  coherence  is  better  served  by  the 
position  that  everything  bends  a  little  and  there  is  jlways  a 
reaction  force;  otherwise  arbitrary  boundaries  must  be  drawn 
(Clement,  1987).     In  a  related  effort,  these  investigators  have 
developed  a  piece  of  software  that  creates  a  similar  epistemic 
tension  by  constantly  asking  users  to  classify  cases  that  fall 
between  cases  they  have  classified  as  having  and  not  having 
reaction  forces;  substantial  impact  on  students'  beliefs  has 
been  demonstrated  (Jack  Lochhead  and  John  Clement,  personal 
communication) . 

The  inquiry  frame.    The  "Geometric  Supposer**  is  a  piece  of 
software  developed  by  Schwartz  and  Yerushalmy  (1987),  designed 
to  restore  an  inquiry  process  to  instruction  in  Euclidean  Geometry. 
The  Geometric  Supposer  makes  geometric  constructions  easy  by 
providing  computer  assistance  in  dronping  altitudes  and  angle 
bisectors,  adding  parallels,  and  no  on.    It  also  permits  automatical- 
ly "replaying"  a  construction  with  different  starting;  points  — 
a  new  triangle  for  instance  —  to  allow  examining  multiple  cases 
for  similarities.     In  geometry  classrooms,  the  Geometric  Supposer 
provides  a  tool  with  which  students  explore  possible  geometric 
relations,  devise  conjectures,  test  their  conjectures  informally 
with  the  Geometric  Supposer,  and  then  often  attempt  formal 
proofs.    Students  routinely  rediscover  standard  theorems  rather 
than  learning  them  out  of  the  text  and,  from  time  to  time, 
students  have  formulated  unknown  theorems. 

Another  important  resource  for  inquiry-oriented  instruction 
in  mathematics  is  The  Art  of  Problem  Posing,  by  Brown  and  Walter 
(1983).    Ths  authors  argue  that,  while  finding  problems  plays 
hardly  any  role  in  typical  instruction,  it  is  essential  to  the 
mathematical  enterprise;  they  offer  numerous  examples  to  show 
how  problem  posing  can  be  made  a  part  of  mathematics  instruction. 
For  a  third  example,  Lamport  (1986)  discusses  how  elementary 
school  students  approaching  the  mysteries  of  arithmetic  can 
engage  in  serious  explorations  of  the  way  numbers  work. 

The  fact  that  efforts  such  as  these  can  be  cited  demonstrates 
that  in  science,  c^ath,  and  computer  education  there  already 
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exists  an  awareness  of  the  problems  of  understanding  and  instruction 
surveyed  via  the  four  frames.    In  that  context »  we  suggest  that 
the  four  frames  and  other  efforts  in  a  similarly  integrative 
spirit  can  inform  the  field  in  at  least  the  following  ways;  they 
can  help  to: 

o    Identify  the  range  of  explanat ior.a  for  misunderstandings  and 
the  range  of  potential  instructional  tactics  by  mapping  more 
clearly  different  aspects  of  understanding,  as  the  four 
frames  attempt  to  do 

o    Press  f  ?  role  of  general  Knowledge  about  problem  solving, 

epistemics,  and  inquiry  that  informs  understanding  particular 
concepts. 

o    Guide  in  organizing  instructional  efforts  of  greater  scope 
than  those  reviewed,  that  attempt  to  choreograph  attention  to 
different  sides  of  understanding  within  and  across  the  subject 
matters  of  science,  math,  and  programming. 

Certainly  the  three  needs  outlined  are  not  likely  to  be  met 
by    ny  one  scheme.    Nonetheless,  models  in  this  direction  seem 
necessary  to  revitalize  educational  practice,  especially  because 
educational  practice,  like  the  fields  examined  here,  also  is 
subject  to  reductive  misconceptions.    Broadly  speaking,  education 
tends  to  be  dominated  by  default  assumptions  about  what  knowledge 
and  understanding  are  and  how  they  are  acquired.    The  default 
position  for  ^any  science  students  is  that  force  varies  with 
velocity,  not  acceleration.    Likewise,  the  default  assumption 
fcr  many  involved  in  the  educational  enterprise  —  students, 
teachers,  and  curriculum  writers  alike  —  is  that  understanding 
varies  with  information  and  practice. 

Of  course,  sometimes  these  default  assumptions  are  correct. 
At  terminal  velocities  in  a  resistive  medium,  force  varies 
entirely  with  velocity.    Where  there  are  no  particular  conceptual 
barriers,  understanding  is  pretty  much  a  matter  of  information 
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and  practice.    Unfortunately,  both  theories  miss  the  essence. 
Consequently,  educating  for  understanding  means  not  only  helping 
students  to  remake  their  concepts  of  force,  fractions,  or  FOR-NEXT 
loops  but  helping  the  educational  community  at  large  to  remake 
reductive  concepts  of  learning  and  unde»-6tanding  by  means  of 
more  encompassing,  compelling,  and  accessible  theories  of  in- 
struction. 


The  research  reported  here  was  supported  by  the  Offica  of  Educational 
Research  and  Improvement  (Contract  #OERI  400-83-0041).  O-yinions 
expressed  herein  are  not  necessarily  shared  by  OERI  and  do  not 
represent  Off'.ce  policy. 
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SECONDARY  SCHOOL  STUDENTS*  LEARNING  DIFFICULTIES 
IN  STOICHIOMETRY 


Hans-Jurgen  Schmidt 
University  of  Dortmund  /  FRG 


K  Introduction 

In  this  lecture  I  want  to  deal  with  the  difficulties  expe- 
rienced by  secondary  school  students  and  undergraduates  studying 
chemistry  when  attempting  stoichiometric  calculations.  A  large 
sample  of  students  was  asked  to  work  through  specific  multiple 
choice  questions.  We  were  particularly  interested  to  find  out 
how  the  students  obtained  the  answer. 

Our  hypothesis  is  as  follows:  when  students  make  error.'^, 
they  follow  a  certain  strategy  to  reach  a  given  result.  These 
strategies  may  be  investigated  by  the  use  of  empirically  designed 
multiple  choice  questions,  in  case  students  choose  particular 
distractors.  By  studying  the  answer  profile  of  a  given  multiple 
choice  question,  and  using  notes  made  bv  students  while  they 
were  answering  the  question,  it  is  possible  to  throw  some  light 
on  these  strategies.  In  order  to  highlight  possible  strategies, 
I  will  illustrate  my  talk  with  a  number  of  multiple  choice  ques- 
tions and  the  analysis  of  the  answers  given. 

2.    The  Concept   of  percentage  of   mass   of  an  element  in  a 
compound 

2.1  Meaning  of  the  answer  profile  of  a  multiple  choice  question 

In  a  small  study  of  549  secondary  school  students,  every 
third  student  was  asked  to  tackle  question  ;i.OOO. 


no 


Question  1  KOOO 

What  is  the  percentage  of  hydrogen  by  mass  in  the  com- 
pound CjHg? 

 20  %  (A)  /  25  %  (B)  /  33  %  (C)  /  75  %  (D) 

The  students  came  from  all  parts  of  the  Federal  Republic 
of  Germany.  Their  ages  ranged  from  16  to  19  years  and  they 
came  from  the  1 1th  to  13th  grade,  i.  e.  from  the  last  three 
years  of  the  Gymnasium.  They  had  'iuher  studied  a  basic  course 
^  2  hours  per  week  chemistry  or  a  more  advanced  course  of 
5  hours  per  week. 


percenloge  of  answers 


A        B        C        0     no  answer 


Figure  1;  The  ansv/er  profile  for  question 
1 1. 000.  The  question  was  given  to  the 
1 1th  grade  (striped  column)  and  in  basic 
and  advanced  courses  ot  the  12th  and 
I3th  grades  (both  columns  blackK  The 
figure  shows  the  percentage  of  students 
choosing  particular  options  and  those 
not  answering  the  quest ion» 
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Figure  I  shows  the  answer  profile  for  question  11.000. 
The  y-axis  shows  the  percentage  of  students  choosing  each  option 
as  well  as  the  percentage  not  answering  the  question.  The  x- 
axis  shows  the  pattern  of  response  to  each  of  the  options  by 
three  groups  of  pupils;  the  striped  column  gives  the  results  for 
grade  II,  the  second  (black)  column  refers  to  grades  12  and 
13  that  have  followed  the  basic  course  and  the  third  column 
(also  black)  applies  to  students  in  grades  12  and  13  that  have 
followed  the  advanced  course. 

As  may  be  seen  from  figure  1,  more  than  60  %  of  students 
in  all  three  groups  obtained  the  correct  answer.  The  most  popu- 
lar distractor  was  B. 

3y  studying  the  notes  made  by  students,  it  is  possible  to 
determine  how  students  arrived  at  the  answer  in  distractor  B. 
They  do  not  calculate  the  percentage  of  mass  MA: 

'^'A   =   6  M(H)  T[  ma  • 

.  100  % 


m(H)    +  m(c) 
but  the  Simple  mass  ratio  MV. 

In  the  equations  (1)  and  (2)  above  M(H)  is  the  molar  mass  of 
hydrogen  and  M(C)  is  the  molar  mass  of  carbon.  m(H)  is  the 
mass  of  hydrogen  and  m(C)  is  the  mass  of  carbon  in  one  mole 
of  ethane.  The  reasoning  used  by  a  typical  student  choosing 
the  distractor  B  is: 

"Divide  24  by  6,  this  gives  4,  1/4  of  100  %  is  25 

It  IS  also  possible  to  deduce  from  the  students*  records 
of  their  attempts  that  a  number  of  them  decided  to  choose 
distractor  D  because  they  did  not  differentiate  between  the 
percentage  of  mass  MA  and  percentage  of  atoms  AA: 
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(3) 


AA     =       ^^/^"^  •  100 

n(C)    ♦  n(H) 
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=       ^^^"^^"^    ■  ■  .  100  % 
m(C)    ♦  m(H) 

A  typical  student  would  argue:  "C2Hg,  the  proportion  of  m?iss 
of  hydrogen  6/8  =  3/4  =  75  %".  1  shall  return  lo  this  particular 
mistake  later  in  my  lecture. 

The  analysis  of  test  results  has  enabled  us  to  derive  two 
hypotheses.  According  to  the  answer  profile  to  question  11.000, 
only  one  incorrect  method  of  calculation  the  answer  might  have 
been  suspected.  With  such  a  small  oample  of  pupils  this  may 
not  be  too  surprising.  It  should  also  be  remembered  that  the  sa..i- 
ple  was  made  up  of  roughly  equal  proportions  of  students  from 
grade  II  as  well  as  those  that  had  followed  basic  courses  or 
advanced  courses  in  chemistry.  Those  that,  had  followed  the 
advanced  course  do  not  make  as  many  mistakes  but  are  strongly 
represented.  This  presumably  led  to  the  situation  where  the 
second  important  distractor  did  not  show  up  in  the  answer  pro- 
file. 

2.2  The  general  nature  of  the  results 

I  would  now  like  to  add  an  additional  dimension  to  the 
issue.  The  students  who  took  part  in  the  research  did  not  get 
there  by  chance  and  m  no  sense  can  they  be  regarded  as  a 
representative  sample  of  all  pupils  in  the  statistical  sense.  It 
would  therefore  be  wrong  to  generalise  the  results  and  hypotheses 
that  have  been  obtained.  If  one  wants  to  discover  whether  the 
hypotheses  are  valid  for  other  samples,  then  the  same  research 
must  be  repeated  with  these  other  samples.  We  therefore  ob- 
tained multiple  choice  questions,  with  answer  profiles,  from 
a  number  of  examinations  boards  in  other  countries  in  order 
to  check  (I)  whether  the  multiple  choice  questions  contain  the 
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type  of  distractor  which  we  would  expect  according  to  our  hypo- 
theses to  be  chosen  by  students  and  (2)  whether  the  students 
actually  choose  these  distractors. 

It  is  of  course  possible  in  a  study  of  this  kind  to  use  mul- 
tiple choice  questions  that  have  been  previously  set  and  to  check 
whether  the  same  answer  profile  is  obtainded  as  in  Germany. 
With  question  11.000  we  did  precisely  this.  In  the  Dutch  language 
the  text  sounds  as  follows: 


Hoe  groot  is  het  massapercentage  waterstof  in  de  verbinding 
20  %  (A)  /  25  %  (B)  /  33  %  (C)  /  75  %  (D) 


The  Central  Instituut  vor  Toetsontwikkeling  in  Arnhem 
provided  us  with  the  results  of  the  above  test  in  the  MAVO 
exam  in  1981.  1067  candidates  took  part  in  this  test.  The  per- 
centage choosing  particular  answers  was  as  follows: 

(A)  53  %  /  (B)  16  %  /  (C)  12  %  /  (D)  19  % 

As  may  be  seen  from  this  sample,  the  most  common  distractors 
are  indeed  (B)  and  (D).  Our  hypotheses  appear  to  hold  for  this 
test  given  in  the  Netherlands. 

We  obtained  another  test  from  the  Examinations  Committee 
of  the  American  Chemical  Socety: 


Which  is  the  percent  by  mass  of  carbon  in  oxalic  acid. 
2.22  %  (1)  /  3.75  %  (2)  /  25.0  %  (3)  /  26.7  %  (4)  /  71.1  %  (5) 


The  correct  answer  is  (4)  and  the  more  important  distractors 
are  (2)  and  (3). 

If  the  students  calculate  the  mass  ratio  (without  taking 
hydrogen  into  account)  then  they  obtain  the  value  37.5  %  as 
follows: 


ERIC 


7H4 


=     37.5  % 

The  questions  set  by  the  American  Chemical  Society  does 
actually  contain  an  answer  containing  these  figures  but  the  deci- 
mal point  has  been  moved  one  place  to  the  left.  It  could  be 
that  the  students  are  convinced  thai  their  calculation  is  correct 
and  regard  the  3.75  %  as  a  typographical  error  and  are  satis- 
fied with  their  answer. 

If  the  percentage  of  atoms  AA  of  carbon  is  calculated, 
instead  of  the  percentage  of  mass,  one  gets  to  distractor  (3): 

=      n(H)  .  nici  .  n(0)    '  =    ^  •  100  o/o 

=    25  % 

I  would  now  like  to  consider  a  third  question  set  abroad 
which  deals  with  the  concept  of  percentage  of  mass  but  set 
in  a  somewhat  different  way  as  follows: 


Which  one  of  the  compounds  represented  by  the  following 
formulae  has  the  highest  proportion  of  hydrogen  by  mass  in 
1  mol  (1  g  formula)? 

HjO  (A)  /  NH3  (B)  /  PH3  (C)  /  S1H4  (D)  /  SnH^  (E) 


The  following  table  shows  the  results  for  each  chemical  com- 
pour.d  depending  on  the  basic  concepts  being  applied: 


percentage 
of  mass 

mass-ratio 

percentage 
of  atoms 

11  % 

13  % 

67  % 

♦18  % 

♦21  % 

75  % 

9  % 

10  % 

75  % 

SiH. 
4 

13  % 

14  % 

♦80  % 

SnH. 
4 

3  % 

3  % 

♦80  % 

A  little  thought  shows  that  the  mass-ratio  must  be  large 
if  the  percentage  of  mass  is  large.  In  this  question  the  student 
can  make  a  wrong  calculation  and  yet  reach  the  correct  result. 
In  the  table  the  highest  values  are  indicated  by  a  star. 

If  the  students  calculate  the  percentage  of  atoms,  then 
they  will  wonder  why  two  answers  are  the  same  and  they  will 
probably  start  on  a  different  btrategy  to  solve  the  problem. 

This  question  is  therefore  not  a  good  question  and  the 
setter  should  have  realised  this.  When  multiple  choice  tests  are 
being  developed  by  Examination  boards  a  number  of  experts 
are  involved.  The  tests  are  always  pre-tested  before  they  are 
set  in  a  proper  examination.  Someone  working  on  their  own 
in  the  construction  of  mulitplo  choice  tests  does  not  have  these 
facilities  and  it  is  therefore  no*  surprising  that  tescs  used  by 
Examination  Boards  are  better  than  those  constructed  by  test- 
book  authors. 

2.3  Possible  origins  for  the  misconceptions 

How  is  It  that  some  students  define  the  concept  of  percentage 
of  mass  differently  from  chemists?  Our  students  have  learned 
theit  chemistry  in  school  and  from  books.  It  is  not  possible  for 
us  to  conirol  what  happe^is  in  lessons  but  we  can  look  at  text- 
Dooks  that  are  used  by  most  students. 
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We  have  looked  carefully  at  five  of  the  most  popular  che- 
mistry books  that  are  used  in  the  Federal  Republic  of  Germany 
to  asce'tein  how  the  concept  of  percentage  of  mass  is  handled. 
Frequently  instead  of  percentage  of  mass  the  expression  mass 
percentage,  weight  percentage,  percent  combinati'' n,  percentage 
number  or  simply  percentage  are  used.  It  is  of  course  possible 
to  deduce  the  meaning  of  percentage  of  mass  from  worked  exam- 
ples given  in  the  chemistry  textbooks  but  the  concept  is  not 
defined  as  clearly  as  it  should  be.  The  casual  reader  may  not 
even  notice  that  it  is  necessary  to  distinguish  between  mass- 
ratio  and  percentage  of  mass.  Pupils  that  have  not  understood 
the  concept  of  percentage  of  mass,  seem  to  make  up  their  own 
definitions  which  are  often  wrong. 

It  could  be  that  the  teachers  regard  the  simple  concept 
of  percentage  of  mass  as  so  trivial  that  they  do  not  bother 
to  explain  this  clearly  to  the  students.  Only  those  students  who 
think  clearly  about  this  work  are  likely  to  realise  that  there 
is  a  difference  and  they  will  have  been  successful  'with  our  ques- 
tion 11.000. 

2.    Relationship  between  mass  and  number  of  particles 
3.1  Students*  understanding  oi  chemical  symbols 

I  would  now  like  to  show  you  t\;o  further  questions  (number 
16.341  and  91.000)  which  we  have  used  in  a  larger  study.  The 
sample  consisted  of  6,262  students  from  grades  12  to  13  and 
in  the  case  of  question  91.000,  we  had  an  additional  650  firsi- 
year  under-graduates  from  six  different  universities  within  the 
Federal  Republic.  Every  eighth  pupil  and  every  third  university 
student  was  given  one  of  the  following  questions  i.  e.  the  results 
are  based  on  a  sample  of  800  school  pupils  and  200  university 
students. 

Let  us  first  of  all  look  at  question  16.341  and  the  answer 
profile  (Figure  2). 
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Question  16.341 

The  formula  for  sulphur  dioxide  is  SO2.  How  many  grammes 

of  sulphur  are  contained  in  6  giammes  of  sulphur  dioxide? 

4  g  (A)  /  3  g  (B)  /  2.5  g  (C)  /  2  g  (D) 


no  onswer 


Figure  2:  Answer  profile  for  question  16.341. 
Thio  .question  was  given  to  students  in  grade 
10  (striped  column)  and  also  to  pupils  in 
grade  11  (black  column)  and  also  to  pupils 
in  grades  J2  and  13  who  had  followed  the 
basic  and  more  advanced  chemistry  courses 
(two  black  columns). 


The  most  important  distractor  is  D,  and  A  must  also  be 
taken  Into  account.  An  analysis  of  the  pupil  records  shows  what 
thoughts  led  to  their  obtaining  these  results: 

**S02  contains  3  atoms,  one  of  which  is  sulphur.  So  sulphur 
nust  be  1/3  of  the  weight:  2  g." 

Here  it  is   assumed  -  deliberately  or  not  -  that  the  ratio  of 

masses  is  directly  proportional  to  the  ration  of  atoms: 


(6) 
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r'.S)    :  n(0) 


m(S) 


nilO) 
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This  mistake  has  already  occurred  in  the  percentage  of  mass 
question  (see  (3)).  It  leads  in  question  16.341  to  distractor  D. 

Other  pupil  records  point  to  the  fact,  that  the  ratio  of 
molar  masses  is  often  equated  with  the  ratio  of  masses: 

"  ,  .  .  32/16  =  2.  ratio  S  :  O  =  2  :  1,  6/3  =  2.2  =  4  (S). 
6/3  =  2.1  =  2  (O)". 

In  this  case  the  pupil  has  divided  the  6  g  of  sulphur  dioxide 
into  three  parts  and  allocated  2/3  to  sulphur  and  1/3  to  oxygen. 
This  IS  based  on  the  wrong  assumption: 

(7)  M(S)  :  M(0)    =    m(S)  :  m(0) 

This  explains  why  distractor  A  was  chosen. 

In  question  91.000  the  chemical  formula  is  not  given  bul 
has  to  be  deduced. 

Question  91.000 

2  g  of  ?  compound  contains  1  g  copper,  the  rest  is  sulphur. 
Which  of  the  following  formulae  satisfies  this  condition? 

Cu*^  (A)  /  CuS^  (B)  /  CU2S  (C)  /  CU2S2  (D) 


Here  also  two  distractors  are  in  particular  evidence  (Figure  3): 


percentage  of  onswers 


no  onswer 


Figure  3:  Answer  profile  for  question 
91.000.  The  striped  column  refers  to  pupils 
from  grade  10,  the  first  black  column 
to  students  from  grade  II,  the  next  two 
black  columns  refer  to  pupils  in  grade? 
12  ami  13  having  followed  the  basic  and 
more  advanced  chemistry  courses  respec- 
tively and  the  final  column  refers  to 
students  following  the  chemistry  diploma 
^  .liemical  technology  courses  at  uni- 
Vv,  ciiy. 

The  same  mistake  is  made  here  as  in  the  SO2  question 
16.341.  Pupils  do  not  distinguish  between  the  ratio  of  atoms 
and  the  ratio  of  masses: 


(8) 


m(Cu)  :  m(S)    =    n(Cu)  :  n(S) 


Here  is  an  example  of  a  commentary  provided  by  one  chemistry 
student  in  the  firft  semester: 

"As  the  proportion  of  Cu  to  S  is  I  :  I,  this  must  show 
itself  :n  the  chemical  formula  .  .  .  hence  solution  A." 
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Mn  It  IS  evident  that  the  ratio  of  molar  masses  is  re- 
garded as  the  same  as  the  ratio  of  number  of  atoms: 

(9)  M(Cu)  :  MIS)    =    n(Cu)  :  n(S) 

Here  is  a  typical  student  commentary: 

"Cu  has  64  g,  S  has  32  g,  so  the  proportion  is  2  :  I,  so 
CU2S." 

3,2  The  generalisabiiity  of  the  results 

It  seems  likely  that  hypotheses  (6)  to  (9)  are  generally 
applicable  as  ve  have  used  them  to  explain  how  particular  dis- 
tractors  were  chosen  by  students  both  in  Germany  and  in  other 
countries.  For  example: 

The  formula  of  an  oxide  of  sulphur  is  SO2.  What  mass  of 
oxygen  combines  with  16  grams  of  sulphur  in  this  oxide? 
(Relative  atomic  muss:  0  16,  S  32) 

2  g  (A)  /  4  g  (B)  /  8  g  (C)  /  16  g  (D)  /  32  g  (E) 


This  question  was  first  set  in  England  and  is  our  question 
r>umber  16.341.  It  was  sent  to  us  by  the  Oxford  and  Cambridge 
Schools  Examination  Board.  The  question  was  set  in  an  Ordinary 
level  examination  in  1983  and  was  attempted  by  4,641  pupilc. 
The  percentage  of  pupils  choosing  each  option  was  as  follows: 

(A)  I  %  /  (B)  4  %  /  C  15  %  /  (D)  66  %  /  (E)  13  % 

The  most  important  distractors  are  C  and  E.  These  are 
selected  either  if  the  candidate  compares  m^^lar  masses: 

(10)  M(S)  :  M(0)    =    32  :  16    =    i6  :  8 


or  compares  the  number  of  atoms: 
(II)  n(S)  :  n(0)  =1:1 


16  :  32 
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Question  91.000  is  very  similar  »o  one  set  by  the  Scottish 
Examination  Board: 


An  analysis  of  a  sulphide  of  copper  gives  the  following  re- 
sults: 

mass  of  copper  =  1,0  g  (relative  atomic  mass  64) 
mass  of  sulphur  =  1,0  g  (relative  atomic  mass  32) 

Which  formula  correctly  represents  this  sulphide? 

 CuS  (A)  /  CuSj  (B)  /  CujS  (C)  /  Cu^Sj  (D) 


The  above  question  was  set  in  the  Ordinary  grade  exami- 
nation in  1983  and  the  percentage  of  pupils  choosing  each  option 
was  as  follows: 

(A)  15  %  /  (B)  57  %  /  (C)  27  %  /  (D)  1  % 

the  most  important  distractors  were  A  and  C  These  are  obtained 
by  using  the  ratio  of  masses 

02)  m(Cu)  :  m(S)    =  1:1 

or  by  considering  i^e  ratio  of  molar  masses 

(13)  M(Cu)  :  M(S)    =    63  :  32    =  2:1 

The  following  question  was  also  obtained  from  the  Scottich 
Examination  Board: 


An  analysis  of  an  oxide  of  tellur.um  (Te)  gave  the  following 
result: 

mass  of  tellurium  =  8  g 
mass  of  oxygen     ^  \  g 

Which  of  the  following  formulae  corrr  My  represents  this 
oxide?  (Take  the  relative  atomic  mass  of  tellurium  as  128, 
oxygen  as  16) 

TeO  (A)  /  Te02       ^  '^^^3       ^  "^^^4 


ERLC 


792 


This  question  was  set  in  the  Ordinary  grad'=*  examination 
in  1979  and  the  percentage  of  candidates  choosing  each  option 
was  as  follows: 

(A)  76  %  /  (B)  7  %  /  (C)  6  %  /  (D)  11  % 

If  the  strategy  of  proportion  of  number  of  atoms  or  the  propor- 
tion of  molar  masses  is  used,  the  fc-mu!a  Te^O  is  obtained. 
This  solution  is  not  contained  in  the  question  and  in  any  case 
it  would  be  a  somewhat  strange  formula. 

It  should  noted  that  the  students  had  greater  success 
with  the  Tellurium  oxide  question  than  with  the  Copper  oxide 
question.  Although  tl.j  above  two  questions  were  set  four  years 
apart,  the  Scottisch  Examination  Board  monitors  the  performance 
of  pupils  and  it  is  possible  to  say  that  there  was  no  change 
in  standards  in  this  relatively  short  time  interval.  It  is  also 
possible  to  say  that  the  candidates  came  from  the  same  catch- 
ment areas  and  that  chance  determined  which  particular  set 
of  questions  they  were  given  in  the  examination. 

As  part  of  this  study  we  gave  pairs  of  questions  to  the 
same  student  sample.  With  one  pair  it  is  possible  to  obtain  the 
same  answer  if  the  mass  ratio  is  assumed  to  be  equivalent  to 
the  ratio  of  atoms,  but  by  using  another  pair,  this  is  not  the 
case.  The  questions  are  more  difficult  if  the  above  mistake 
is  recognised  by  the  candidate.  This  particular  aspect  of  the 
research  is  being  reported  in  the  Journal  of  Research  in  Science 
Teaching  and  I  will  not  elaborate  it  here. 

The  above  finding  is  very  interesting.  One  sees,  for  instance, 
that  two  quest  that  look  completely  alike  nevertheless  are 
different,  on  the  other  hand  the  result  leads  one  to  be  able 
to  say  something  about  the  stability  of  misconceptions. 

First  assumption:  The  pupils  keep  to  the  same  strategy 
(wrong  or  rignt)  in  tackling  both  questions.  In  the  case  of  the 
copper  sulphide  question,  their  answer  is  one  of  the  distractors 
whereas  in  the  tellurium  oxide  question,  there  is  no  appropriate 
answer  and  they  are  unclear  what  to  do.  They  do  not  attempt 
the  question  again.  In  this  case  both  questions  should  be  equally 


difncult. 

Second  assumption:  Pupils  who  obtained  one  of  the  pre- 
ferred distractor  answers  in  the  copper  sulphide  question,  find 
no  appropriate  answer  in  the  case  of  the  tellurium  oxide  ques- 
tion. They  realise  that  they  have  used  a  wrong  strategy  and 
try  another  one.  The  tellurium  .^xide  question  must  therefore 
appear  to  be  easier  and  this  is  shown  to  be  so  in  the  analysis. 

3.3  Implications  of  the  findings 

I  will  now  attempt  to  interpr*.*.  the  three  types  of  mistakes 
identified  in  (6)  to  (9).  Students  who  obtain  the  correct  answer 
to  questions  1S.341  and  91.000  must  relate  three  variables  cor- 
rectly: the  mass  (m),  the  molar  mass  (M)  and  the  number  of 
moles  (n).  Many  pupils  simplify  their  calculations  by  only  con- 
sidering two  variables  and  forgetting  about  the  third.  This 
in  line  with  the  findings  of  Piaget,  who  states  that  the  abiMty 
to  deal  with  three  variables  is  a  sign  of  formal  operanonal  thin- 
king. Questions  16.341  and  91.000  '^ould  therefore  divide  the 
sample  into  formal  operational  and  nu  formal  operational  thin- 
kers. However  if  question  16.341  is  used  then  it  would  appear 
there  are  more  formal  operational  thinkers  than  if  question  91.000 
is  considered.  It  would  seem  that  the  criteria  "able  to  use  three 
variables"  is  not  sufficient  to  explain  our  empirical  findings. 

The  main  mistake  pupils  make  is  to  put  the  mass  relation 
of  the  elements  A  and  B  of  a  chemical  compound  on  a  level 
with  the  atom  ratio  according  to 

(14)  m(A)  :  m(B)    =    n(A)  :  n(B) 

Do  they  really  assume,  without  reference  to  the  particle  con- 
cept, that  chemical  formulSie  reflect  the  mass  ratio  of  individual 
elements?  In  doing  so  the  calculations  would  be  considerably 
simplified,  but  one  could  only  handle  chemical  formulae  and 
equations   on   the   macroscopic   scale.   Predictions   on   the  basis 
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of  the  number  of  atoms  (in  the  sense  of  Dalton)  would  not  be 
possible. 

This  interpretation  is  in  line  with  that  of  the  Piagetian 
school,  which  states  that  formal  operational  thinkers  satisfy 
the  criterion  that  they  are  able  to  think  with  abstract  models. 
Students  who  used  the  strategies  (7)  and  (9)  make  the  additional 
mistake  of  using  the  concept  of  molar  mass,  which  is  super- 
fluous if  atoms  are  not  considered  in  the  definition  of  chemical 
formulae.  The  molar  mass  is  the  mass  which  these  students 
assume  determines  chemical  reactions. 

Because  respones  to  questions  16.341  and  91.000  divide 
the  sample  into  two  different  groups  of  formal  operational  thin- 
kers, this  theory  does  not  explain  the  findings  sufficiently.  This 
has  already  been  mentioned. 

Let  us  nov/  consider  the  misconceptions  of  pupils  quite 
formally.  If  students  use  (14)  they  assume  -  consciously  or  uncon- 
sciously -,  that  the  molar  masses  M{A)  and  M(B)  are  equal: 

They  also  used  (7)  and  (9),  which  can  be  written  in  general  foim 
as 

(16)  M(A)  :  M(B)    -    m(A)  :  m(B) 
and 

(17)  XA)  :  M{B)    =    n{A)  :  n{B) 

If  (16)  and  (17)  are  combined  we  get  to  relationship  (14)  that 
is  the  pupils  arrive  at  the  statement  M(A)  =  M(B).  By  trans- 
forming (16)  we  can  recognise  in  what  sense  the  two  cases  are 
different.  In  addition  to  (15)  the  following  relationship  must 
hold: 
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In  this  way  we  are  able  to  place  the  misconceptions  in  a  hiera- 
chical  order* 

4.  Conclusion 

Our  research  has  shown  that  many  pupils,  who  do  not  get 
the  correct  result,  have  nevertheless  had  useful  thoughts  abr 
chemical  combinations,  even  if  these  do  not  coincide  with  the 
basic  principles  used  by  chemists.  Many  errors  occur  because 
the  wrong  strategy  is  used  It  might  even  be  postulated  that 
some  pupils  have  obtained  the  correct  result  because  they  have 
thought  less  about  the  chemistry  anci  only  applied  learnt  algo- 
rithms. Many  errors  made  by  pupils  might  even  be  regarded 
as  'honest'  and  pupils  should  not  be  ashamed  of  them. 
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COGNITIVE  CONSTRAINTS  AND  SPONTANEOUS 
INTERPRETATIONS  IN  PHYSICS 

Jos^  M.  Sebostio 
Universidod  Sim6n  Bolivor.  Corocos,  Venezuelo 

Physics  is  legendory  considered  o  subject  incomprehensible 
to  the  student  (Halloun  &  Hestenes,  1985).,  What  the  teocher  f^oy 
hope  to  achieve  from  the  student  is  o  sot  of  memorized  fonnulos, 
but  only  in  rore  occosions  does  the  student  obtain  on  occeptoble 
understanding  on  phenomena  such  as  the  foiling  of  a  stone,  the 
movement  of  the  moon,  or  the  tronsmission  of  the  heat. 

The  difficulties  for  the  conceptuol  understonding  in  phy- 
sics hos  been  ottributed  to  the  locking,  by  the  student,  of  an 
oppropriate  level  of  cognitive  development  to  cope  with  certain 
obstroct  concepts,  or  simply,  without  bosis  for  it,  to  the  lack 
of  studying.     In  the  last  decode,  however,   the  importonce  of  the 
student's  intuitive  or  spontoneous  ideos  hos  been  mode  evident;, 
this  he  acquires  by  himself  ond  not  as  o  result  of  his  studies 
ond  interoct  with  the  ideos  the  teocher  tronsmits,  moking  his 
learning  more  dif f icul I .    These  set  of  ideos,  that  ollows  the 
student  comprehend  many  situotions  of  everydoy  life,  consti- 
tute, ot  times,  o  frome  of  knowledge  cleorly  indentified  which 
strongly  resists  being  altered  (Vionnot,  1979,  Soltiel  &  Mol- 
grange  1980,  Clough  &  Driver,  1986). 

We  hove  considered  •nore  suitoble  to  use  the  term  "spon- 
toneous interpretotions*  to  refer  to  the  explonotions  given 
by  the  student  to  situations  presen^-ed  in  physics,   insteod  of 
ether  more  frequent  denominations  such  os  "misconceptions"  or 
"olternative  frameworks",  since,  on  one  bond,  these  do  not 
constitute  isoloted  misconcpptions,  but  on  the  controry,  they 
ore  related  to  eoch  other  ond  ore  determined  by  an  inseporoblo 
theoretical  eloboration  (Helm,    1903,  Murphy  &  Medin  1905);  ond 
on  the  other  hond,  these  interpretotions  can  only  be  considered 
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simply  OS  olternotives  when  compered  to  the  occepted  science. 
Nevertheless,  its  volue,  from  the  cognitive  view,  resides  in  it- 
self,  in  constituting  bodies  of  informotion,  not  taught,  ond  which 
are  used  spontoneously  by  che  s«:udent  to  give  meoning  to  his  en- 
viroment . 

If  leorning  science  is  mediotized  by  ideos  possesed  by  the 
student  before  receiving  forrrol  teoching,  it  should  therefore  be 
of  greet  valuo  to  consider  these  ideos  in  the  oloborotion  of  suit- 
able teoching  strategies.     However,  even  thouc/h  a  greet  number  of 
descriptive  invostigotions  hove  been  occomplished  to  onolyse  those 
spontoneous  ideos,   the  results  in  opplying  the  suggestions  ond  im- 
plicotions  in  teoching  hovo  been  of  little  success  or  of  complete 
foilure  (Smith  &  Lott,  1983). 

Since  the  modificotion  of  thebC  spontoneous  ideas  depend 
on  how  they  ore  onolysed  (Viennot,   1905),  it  is  proboble  that  the 
opproocKes  ond  onolysis  that  have  been  mode  up  to  the  present  time, 
on  its  origin,  development  ond  chonges,  hove  not  been  occurete 
enough,  ond  it  mey  well  be  necessary,   therefore,   to  continue  seek- 
ing other  approoches  to  give  the  problem  o  new  outlook. 

The  work  is  inscribed  within  the  scorch  of  new  theoroticol 
opprooches  in  order  to  onolyse  the  results  of  ''-he  investigotions 
mode  on  spontoneous  interpretotions  in  physics.     In  this  work  we 

propose  the  "cognitive  constroints"  perspective  like  a  volid   

alternotive  for  thot  anclysis.    According  to  this  perspective,  the 
cognitive  development  would  be  portiolly  guided  by  o  set  ef  cons- 
troints, highly  stoblo,  that  would  either  facilitote  or  hinder 
the  learning  of  certoin  structures  of  knowledge.     The  choracteris- 
tics  of  this  perspective  ore  else  described,  onolysing  the  similo- 
rities  ond  differences  between  these  cognitive  constraints  end 
the  ideos  of  Pines     West  ('.986^  obout  scientific  cducotion,  ond 
the  ideos  on  "conceptuol  chongo"  of  Posnor,  Strike,  Howson, 
Gertzo9( 1982) .    Some  examples  of  cognitive  constroints  in  ohysicol 
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interpretotions  ore  hereby  outlined,  even  though  its  volue  is 
still  recognized  as  being  of  o  heuristic  noture,  ond  thot 
there  mcy  be  still  o  long  woy  to  go  before  bbtoininp  the  de- 
toiled  type  of  constroints  thbt  ore  hindering  ^he  leorning  of 
physics • 

2«-    Choroc<^er Isti cs  of  spontoneous  interpretotions  in  physics. 

A  greet  number  of  foots  hove  been  gothered  in  order  to 
identify  the  spontoneous  thought  of  the  students  in  physics, 
in  different  oreos  ond  using  different  methologicol  opprooches. 
The  results  cleorly  evidence  thot  the  students  coincide  in  — 
very  high  proportions  in  the  interpretotion  of  specific  situo- 
tions.     This  coincidence  in  o  generol  pottern  of  interpreto- 
tion, which  wifch  smoll  voriotions  is  shored  by  olmost  oil  stu- 
dents, hos  been  occepted  by  most  investigotors  (Soltiel  &  Mol- 
gronge,   1980.     Erickson,   1980,  Mc  Closkey,   1983,  Whitoker, 
1983,  Mc  Dermott,   1984);  even  though  such  generol  pottern  of 
interpretotion  could  depend  on  the  situotion  estoblished  — 
(Clough  &  Driver  1986) . . 

The  longitudinol  studies  corried  out  with  students  of 
different  educotionol  levels,  ond  consequently  of  different 
oges,  hove  reveoled  the  tenocity  of  those  spontoneous  inter 
pretation,thot  ore  not  oltered  by  systemotic  courses  in  phy- 
sics, or  by  the  moturity  of  the  person,  outliving  the  formol 
teoching  which  controdicts  them.   (Viennot,  1979,  Gilbert, 
Wotts,  &  Osborne,  1982,  Gowin  1983,  Sebostio,  1984), 

Some  investigotors  hove  suggested  certoin  porollelism 
between  spontoneous  interpretotions  ond  theories  historicolly 
overcome,   such  os  Aristotelion  end  medievol  theories,  conceiv- 
ing the  some  phenomeno  (Clement,   1982,  Whitoker,    1983),  how- 
ever, even  though  there  is  no  doubt  thot  certoin  porollelism 
exist  between  both  interpretotions  ,  o  strict  correspondence 
hos  been  discorded  (Mc  Clellond  1984  ,  Sotiel  &  Viennot,  1>85, 
Lythcott,  1985). 

In  short,  two  of  the  most  outstooding  chorocteristics 


presented  in  the  student's  spontoneous  interpretotions  ore: 
(o)  there  is  o  coivnon  pottern  of  spontoneous  interpretotions 
widely  spreod  ond  (b)  the  potterns  of  spontoneous  interpreto- 
tions ore  strongly  resistont.  to  chonge.     Conseoucntly ,  all 
intentions  to  theorize  on  spontoneous  interpretotions  ond  its 
possibilities  of  chonge  require  responding  to  two  key  interro- 
gotions   (o)  why  do  these  spontaneous  interpreted" ' ons  on  ony 
specific  event  mode  by  individuols  of  different  oges  ond  diffe- 
rent cultures  resemble  eoch  other  ?    ond  (b)  why  ore  they  so 
strongly  resistont  to  be  modified?    The  onswcrs  to  these  ques- 
tions up  to  the  present  time  hove  not  be^n,  to  our  judgement, 
sufficiently  sotisfoctory  . 

3«-    Spontoneous  Interpretotions  ond  Cognitive  Constroints. 

The  similorities  in  the  interpretotions  mode  by  students 
of  different  culturol  contexts  ond  educotionol  levels  could  be 
ottributed  to  the  foot  thot  such  interpretotions  ere  mode  by 
following  directly  the  foots,  without  theory  ^Mc  Closkey,  1983), 
or  thot  its  origin  is  bosed  on  non-criticol  generol izotions  de 
rived  from  quolitotive  observotions  (Gil  &  Carroscoso,  1985). 
However,   this  would  not  exploin  the  coincidence    thot  emerge 
in  compering  interpretotions  in  oreos  where  the  student  hos 
little  or  no  previous  experience  (electromognetism,  circuits, 
etc.).     It  is  more  likely,  os  Strike  points  out  (1983),  thot 
misconceptions  leod  to  misperceptions  and  not  the  other  woy 
round.    Though  oil  knowledge  hos  its  origin  on  reolity,  it  is 
the  reolity,  mediotized  by  o  set  of  footers  which  leod  to  in- 
terpretotions • 

The  reoson  why  spontoneous  interpretotions  hove  been  so 
persistent  hos  been,  ot  times,  attributed  to  its  self-consis- 
tency (Viennot,   1979)  to  the  fact  thot  students  feel  comfor- 
toble  with  them  (Gowin,   1983),  or  simply  becouse  resistonce 
to  new  ideos  is  chorocteri stic  in  humon  beings  (Leboutet  & 
Borrell,   1976) . 

The  restricted  number  of  interpretotions  thot  students 
moke  on  physicol  situotion,  os  well  os  its  invoriobil i ty  ond 


tenocity,  can  only  be  understood,  in  our  opinion,  within  o  the£ 
ry  of  the  cognitive  development,  the  moin  focus  of  which  lies 
upon  the  fomol  properties  of  the  structures  o  J  in  the  pro- 
ciisses  o^  knowledpe  thot  remain  invorioble  in  time«  According 
to  this  perspective,  the  cognitive  development  would  be  port- 
ly guided  by  o  complex  set  of  conf;trolnts  thot  would  limit  the 
type  of  knowledge  thot  could  be  acceptable  in  o  specific  do- 
main (CHomsky,   1980,  Kei.,   1981,  Shepord,  1984), 

This  perspective  on  cognitive  constroints  ollows  o  better 
understonding  thot  certoin  ideos  ore  more  eosily  ossimilable, 
which  could  even  be  generot  d  spontoneously ,  while  there  ore 
sune  cognitive  obstocles  thot  oppeor  in  the  ossimilotion  of 
other  idoos  that  con  only  be  obtoined  through  specific  troin- 
ing«     Some  knowledge,  such  as  deductive  reosoning  or  longuoge 
syntox,  omong  others,  ore  universolly  developed  without  the 
need  of  educotionol  efforts,    Howe/er,  knowledge  such  os  new- 
lonion  mechonics,  need  to  overcome  enormous  obstocles  (in  the 
Sense  given  by  Bochelord,    194      in  order  to  be  occepted  by  on 
individual . 

In  this  woy,  even  though  the  multiple  observations  thot 
the  individual  registers  from  the  enviroment  could  generote 
multiple  hypothesis,   there  seems  to  bo  certoin  constroints  thot 
guide  'the  process  of  knowledge,  os  well  os  the  type  of  accept- 
ob^e  structures  of  knowledge,  which  would  exploin  thot  certoin 
ideos  ore  eosily  acceptobl**  whiJe  oVh'>rs  ore  tenaciously  re- 
j  ected  * 

On  the  other  side,  the  fact  thot  cognitive  constroiibts 
remain  practically  unoltered  through  the  development  of  the 
individual,  explains  the  existence  of  a  noticeoblo  continuity 
between  the  interpretation  derived  from  reolity  performed  by 
individuals  of  different  oges  and  different  intelectuol  levels. 
Like  Moreno  (1986)  points  out,  we  hove  no  other  remedy  but  to 
odmit  the  similority  in  the  intcl«»'^ "  ual  functioning  between 
tho  child  Old  the  adult;   thot  means  that  v/o  hove  to  presume 
the  existonce  of  some    unchanging  funntloning  foe  tors 
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thot  hove  to  be  demorcoted  from  the  differences  existing  be- 
tween both  thoughts*     It  seems  evident  that  children  ond  'dults 
ore  governed  by  the  some  system  of  cognitivt  restrictions  (Keil, 
1981,  Corey,  1986). 

4 .     Vines,  Ecologies  and  Cognitive  Constroints 

Pines  &  West  (1986),  following  Vygotsky   (1962),  use  the 
vine  metophor  to  describe  the  interaction  between  the  sponta- 
neous knowledge,  derived  from  the  individual's  own  efforts  to 
give  sense  to  what  surrounds  us,  and  the  formol  knowledge, 
imposed  by  school*    According  to  this  metaphor,  the  spontoneous 
knowledge  is  represented  like  o  vine  thot  grows  upwords  ond  the 
formol  knowledge  is  seen  like  o  vine  thot  grows  downwards*  — 
Metophoricol ly  specking,  the  leorning  of  science  is  contemplo- 
ted    OS  the  intertwine  of  the  two  vines,  which  represents  the 
integrotion  of  knowledge  originoted  by  both  sources* 

There  ore  occosions  when  both  vines,   the  one  that  repre- 
sents tha  spontaneous  knowledge  ond  the  one  thot  represents 
formol  knowledge,  clash  ond  do  not  intertwine*     In  this  cose 
it  occurs  whot  Pines  &  West  coll  "conflict  situotion",  being 
physics  its  prototype  (newtonion  mechanics,  for  exomple)*  In 
the  cose  when  the  vines  never  intertwine,   the  knowledge  re- 
moin  separoted  in  different  comportments  ond  o  true  and  sig- 
nificont  leorning  is  not  produced*     In  other  occasions,  both 
vines  "     <*rtwine  withojt  difficulties,   in  which  cose  the  ''con^ 
gruent  sjLtuotion  "  occurs,  being  Biology  its  prototype*  The 
formal  knowledge  serves  to  reinforce  student's  spontoneous 
ideos..   intergratinq  ond  extending  them  to  new  cases* 

It  is  perfectly  congruent,   in  our  opinion.  Pines  &  West's 
vision  on  tho  interoction  of  spontaneous  thoughts  and  formal 
thoughts  with  the  perspective  of  cognitive  constroints*  There 
are  certoin  guides  thot  conoiyze  the  process  of  interpreting 
reolity  in  o  noiurol  woy  (the  relation  couse-ef f ect ,   is  one  of 
the  most  commonly  mentioned),  when  the  structure  of  knowledge 
which  will  be  tronsmitted,  follows  o  oimilor  pattern  this  is 
easily  accepted  by  the  Indlviduol  ond  both  knowledges  are  in- 
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tegrated.     If,  on  the  contrary,  the  formol  interpretotion  — 
follows  another  type  of  explanatory  pottern,  the  structure 
mentioned  before  is  rejected  or,  at  least,  it  will  find  mony 
obstacles  before  it  con  be  accepted, 

Posner,  Strike,  Hewson  &  Certzag  (1982)  gave  a  new  out- 
look to  the  possibilities  of  change  end  evolution  of  the  know- 
ledge possesed  by  the  individual.     They  contemplote.    the  act 
of  learning  as  a  process  of  conceptual  change  mediotized  by  a 
set  of  existing  concepts  in  the  mind  of  the  individual  and  — 
thot^ fallowing  Toulmin  (1972)  denomination,  they  called  "con- 
ceptual ecology'.     This  set  of  concepts  affects  what  the  stu- 
dent finds  pousible,  comprehensible  or  reasonable,  permitting 
the  ossimilotion  of  new  ideas.     The  "conceptual  ecology"  ploys 
an  important  port  in  the  selection  or  rejection  of  new  ideas 
as  well  OS  in  its  comprehension  (Strike,  1983).    Among  the 
chorocteristics  of  the  conceptual  ecology  moy  be  found  analo- 
gies and  metaphors,  epistemologicol  commitments  (explanatory 
ideals,  points  of  views  about  knowledge),  metaphysical  beliefs 
and  other  knowledges. 

The  perspective  of  cognitive  constraints  presents certai 
similarities  in  some  aspects  with  the  perspective  of  the  "con- 
ceptual ecology".     They  both  consider  that  learning  does  not 
consist  only  in  acquiring  direct  knowledge  from  experience  or 
indirectly  from  words,  but  that  learning  is  always  found  me- 
diotized by  o  set  of  ideas  already  existing  in  the  mind  of 
the  student.     The  nature  of  that  epistemic  frame  determines 
what  is  learnt  and  how  it  is  learnt.     However,  we  must  paint 
out  some  important  differences:   (o)  the  "conceptual  ecoi-^gy" 
is  constituted  by  o  set  of  concepts  with  certain  characteris- 
tics  (analogies,  metaphors,  etc);  the  cognitive  constraints 
is  constituted  rather  by  o  set  of  inferential  rules  an  which 
permit  organize  the  experience  under  o  determined  pat  m. 
(b)  "the  conceptual  ecology"  has  o  series  of  very  wide  charac- 
teristics,  tfiot  go  from  metaphors  to  knowledge  in  other  fields 
the  cognitive  constraints  which  we  propose,  cannot  be  so  gene- 
rol,   but,   inspite  of  still  being  so  weakly  chorcterized, it 
would  correspond  to  certain  types  of  explanatory  models  and 


rules  of  reasoning,  (c  )  An  important  aspect  of  the  "conceptuol 
ecology*  is  its  modification  which  permits  the  accomodation  of 
new  knowledge.    On  the  contrary,  the  cognitive  constraints 
ore  characterized  by  its  stability,  and  ore  never  totally  obon- 
doned,  permitting  very  rarely  conceptual  change,   in  the  sense 
of  radical  change  in  the  way  of  interpreting  reality,   (d)  fi- 
nally, for  Posner,  et  ol   (1982)  "to  understand  learning  re- 
quires understanding    how  the  conceptions  change,  and  for  us, 
understanding  learning  requires  the  mechanism  of  the  stable 
intelectuol  elaboration  in  the  individual.    There  ore  no  jumps 
in  knowledge  from  cero  ta  mastery,  there  are  no  conceptuol 
revolutions^  there  are  no  changes  of  paradigm. 

Identifying  sore  cognitive  constraints  in  the  spontoneous 
interpretotions  in  physics. 

Keil  (1981)  distinguishes  two  types  of  cognitive  cons- 
traints: general  constrointa  ar.d  domain-specific  constraints. 
Even  though  the  attention  is  focused  moinly  on  the  first  clossi 
ficotion,   "all  available  evidence  points  towards  existence  o'f 
rich  sets  af  constroirtts  at  several  levels  of  analysis." 
(Keil  1981,  p.  225). 

One  of  the  most  notorious  constraints     in  the  investiga- 
tions about  the  spontaneous  thought  made  in  physics  is  the   

attribution  to  cause-effect  towards  the  relation  between  con- 
cepts in  mechanics:  force-movement  or  in  electricity;  voltage- 
current  (Viennot,   1979,  Cohen,  Eylan  &  Goniel,    1983,  Mc  Oermott, 
1984).     In  these  investigations  the  elaboration  of  the  studer  ts 
possess  the    Sarocteristics  that  Bunge  (1979)  has  painted  out 
OS  typical  of  causal  constraint  (a)  canditionality ,    (b)  osymme 
-ry,    (c)  constancy  and  Id)  productivity.    For  the  student  force 
produces  movement.     It  is  not  a  functional  relation  between 
both  concepts,   it  overflows  the  frame  of  the  semeiticizotion  to  be 
able  to  attribute  to  the  farce  the  generation  af  movement 
(Sebastia,   1905) . 

The  existence  of  this  type  of  cognitive  constraints  which 
we  could  call  "cousol  constroint"  would  lead  to  many  of  the 
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spontaneous  interpretotions  observed^ ond  the  physicol  explono* 
tions  thot  normally  faJlaw  a  different  explonotory  scheme  b*i 
rejected,  on  exomple  of  this  could  be  the  so  colled  the  ''co- 
vering low  model*,  frequently  used  in  physics* 

Another  type  of  generol  pottern  of  interpretotions  de- 
tected is  the  ^.\e  we  could  nome  "superposition  const roint", 
occording  to  which  the  student  ossumes  o  generol  low  of  su- 
perposition thot  focilitotes  the  occeptotion  of  some  physicol 
lows  (Coulomb's  low  for  coiculoting  electricol  fields  of  vo- 
rious  chorges,  for  exomple)  but  on  the  other  hond,  impedes 
the  comprehension  of  others.     Strouss  &  Stovy  (1980)  ono- 
lysing  the  concepts  of  heot  ond  temperoture,    hove    found  - 
thot  student?   in  o  situotion  of  mixing  woter  ot  lO^C  predict- 
ed woter  ot  iO^C,  using  o  low  of  superposition  inexistent  for 
intensive  magnitudes.    /U  physics  tecchers  ore  also  owo/e  of 
the  systematic  mistakes  made  by  students  when  applying  the 
gauss, low  to  calculate  the  electrical  field  between  two  pro- 
ximate mecolic  plates.     The  student  commonly  co  Iculotes^.  when 
applying  the  gauss  low,  first  the  field  corresponding  the 
charges  of  one  plate  and  later  the  field  corresponding  to  the 
other  plate  and  odds  them  together,  ignoring  that  the  elec- 
trical field  is  determined  by  the  enclosed  charges  in  the 
gauss  low  and  that  o  biunivocol  relation  cannot  be  established 
between  the  field  and  the  charge,  such  as  it  exists  in  the 
Coulomb  low.     This  systematic  error  could  be  explained  also 
by  "the  superposition  constraint"  that  mokos  the  comprehension 
of  the  gauss  low  more  difficult. 

The  above  examples  serve  only  to  point  out  o  line  of  in- 
quiry that  could  lead  to  reinterprete  many  cr  the  results  of 
the  investigations*    Even  though  the  ..ype  of  constraints  that 
restrict  the  number  of  hypothesis,  has  been  studied  with  cer- 
tain core  in  the  learning  of  the  language   (Chomsky,    1980)  in 
other  fields,  such  as  in  the  learning  of  physics,  there  is 
still  o  lot  to  be  added  to  be  oble  to  estoblish  o  typology  of 
constrointa  ond  thus  determine  the  most  opproprioto  woy  of  teo- 
ching  the  specific  topic  thot  one  wishes  to  tronsmit. 
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6*-  Cognitive  Constroints:  New  Obstocles  i"  tne  Process  of 
Leorning  Physics. 

The  constroints  only  represent,  in  ony  cose,  onother  of 
the  multiple  foctors  thot  interfere  in  the  complex  process  of 
leorning  the  scientific  contents*    The  cognitive  constroints, 
such  OS  we  urderstond  it,  fulfil  on  ombivoient  function  in 
the  process  of  looming.     On  one  side  they  focilitote  the  ac- 
quisition of  certain  types  of  knowledge,   thot  could  even  be 
generoted  spontoneously,  ond  thot  requires  only  o  orocess  of 
greoter  differentiation,  but,  on  the  other  bond,   they  impede 
certain  types  of  knowledge  (quontity  mechonics,   fcr  example) 
the  structure  of  which  moy  not  correspond  to  ':K3  existent  cons^ 
troints  in  the  mind  of  the  student.     This  is  the  type  of  obs- 
tocle  "o  priori",     derived  from  the  individuol  cr.<  not  from 
the  abject  previously  pointed  out  by  Bochelord  (1942). 

In  those  coses  of  conflict  the  situotion  is  complica- 
ted, but  it  is  passible  that  the  structure  tought  is  accepted 
in  its  predictive  function  (making  use  of  mathematical  algo- 
rism) b'jt  rejected  in  its  explicative  function.     As  Sc-iven 
(1970)  has  pointed  out,   the  comprehension  of  o  phenomenon  re- 
quires ot  times,  on  explanatory  structure  different  to  the 
nomonologicol-deducti ve,   if  one  wonts  it  to  be  satisfactory. 
The  vision  of  the  looicol  simmetry  of  the  positivism  about 
the  explanation-prediction  of  o  phenomenon  should,  from  this 
point  of  view,  be  released,  or  ot  least,   the  meaning  of  what 
we  understand  to  be  comprehension  should  be  analysed* 

When  o  physicist  hrndles  the  concept  of  moss,  for  exam 
pie,  with  different  meanings  depending  on  f.he  physical  situo* 
tion  to  be  analysed,  classic  or  relativist,   this  means  that 
it  is  possible  to  attend  to  different  levels  of  understanding, 
comprehension  ond  of  utilizotlon  of  the  concept  without  enter- 
ing in  controdictions  and  without  < ho  need  of  conceptual  revo- 
lution fo  poss  from  one  situotion  to  onother.     A  concept,  in 
this  sense,  could  be  understood  if  it  con  be  roloted  with  — 
others,  occording  to  certoin  rules  and  occcpted  conventions. 
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thot  moons  thot  tho  profossionol  physicist  con  poss  from  tho  clos- 
sic  fromo  vJ  the  relotivist  without  ony  troumo.    Th^  term  *lon- 
•  uoge  gome*  of  Wittgenstein  (1966)  is  very  oppropriote  to  refer 
to  the  previous  cose,  the  test  of  comprehension  required  is  thot 
the  individuol  practices  the  gome  correctly. 

The  educotionol  efforts  in  the  lost  decodes,  influenced  by 
the  logicol  positivism,  oriented  to  emphosize  the  fup-:tion  of  the 
observotions  in  the  eloborotion  of  theories,  doe«*  not  seem  to  be 
well  guided*     Perhops  it  might  be  convenient  to  propitictc  *  5 
high  grode  of  conventionolism  of  the  theories  ond  the  different 
meonings  of  o  symbol  within  eoch  theory.     It  is  possible  to  speok 
odequotely  of  the  reolity  with  different  theories,  os  it  <s  olso 
possible  to  speok    of  reol.ty  with  the  some  property  making  use 
of  different  longuoges .     If  the  level  of  comprehension  to  which 
it  is  hoped  to  be  ochieved  is  to  orrive  ot  universol  premises 
from  which  any  particulor  case  con  be  deduced,  it  is  improboble 
thot  this  type  of  explonotion  be  sotisfoctory  for  the  individuol. 
It  could  be  more  useful  to  distinguish  tv«o  levels  of  comprehen- 
f«ior,i  An  explanotory-descripti ve  level  conditioned  portly  by 
the  cognitive  constroints,  and  o  normoti ve-predictive  level  pro- 
pitioted  by  the  formol  science,  su^^erposed  in  the  individuol, 
but  without  destructive  interference,  being  utilized  eoch  on 
in  its  oreo,  as  the  utilizotion  of  different  longuoges.  Possi- 
bly, the  study  of  physics  ond  the  study  of  longuoges  ore  not  so 
for  oport  OS  it  hos  been  supposed  up  to  tho  moment. 
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INTRODUCTION 

For  the  last  10  or  12  years,  several  research 
studies  in  science  education  have  been  done  on 
pupils'  Cwr.ceptions  about  natural  and  technical 
phenomena  prior  to,  during,  and  after  formal 
science  teaching  (Novick  &  Nussbaum,  1981;  Posner, 
et  al.,  1962  a,;  Driver,  ct  ax.,  1985;  Osborne,  et 
al.,  1985;  Cachapjz  et  al.,  1986;  Duarte,  1987; 
Faria,    1987;    Freitas,    1987  a.). 

Most  of  these  studies  are  based  in 
construct! vist  perspectives  of  behaviour, 

understanding  and  learning.  These  perspectives 
strongly  refuse  the  empiricist  paradigm  of  looking 
at  the  mind  lika  a  "tabula  rasa"  as  well  as  the 
associat ionist  paradigm  of  conceiving  the  behaviour 
like  a  set  of  answers  to  certain  stimuli.  As  in 
other  areas  of  re'vearch  and  action,  like  counseling 
or  therapy,  cons truct i viot  perspectives  in  learning 
emphasize  the  iL<^ntal  activity  of  all  people 
struggling  to  make  sense  of  both  thoir  world  and 
their  lives. 

Although  we  can  consider  not  one  but  various 
psychological  construct ivist  approaches  we  must 
stress  three  decisive  theoretical  contribuitions  to 
the  strong  and  yet  growing  constructivist  movement 
about  the   learning  process,    as  follows: 

a)  Kelly's  theory  of  personal  construct,  which 
after  a  period  of  little  recognition  (namely 
in  USA)  begins  attracting  not  only  therapists 
but  also  educational  rescachers.  Kelly  points 
out   that   to   talk  about  "rofln-the-scientist"  is 


to  talk  about  a  quality  or  a  capacity  of  roan 
and  not  about  a  class  or  a  kind  of  man  because 
all  people  are  engaged  in  formulating  personal 
constructs  by  v^^ch  they  look  at,  interpret 
anci  act  upon  the  world  in  which  they  live  in. 

b)  Piagetlan  theory,  if  we  refuse  to  restrict  its 
focus  on  a  rigid  scale  of  stages  of  cognitive 
development  and  we  stress  ^he  constructivist 
thrust  of  Piaget's  genetic  epistemology  and 
his  pioneer  contribution  to  describing 
children's  thinking  and  conceptions  <Pope  & 
Gilbert,    1983) ; 

c)  Ausubel ' s  theory  of  meaningful  learning  which 
emphasizes  the  prreat  importance  of  prior 
knowledge  in  the  learning  process  and  the 
learner's  a<:tive  commitment  in  relating  new 
information  to  what  he  already  knows. 

Being  influenced  by  these  theories, 
particulary  by  kellyan's  paradigms,  the  alternative 
conceptions  research  area,  after  a  promising 
begining,  is  perhaps  living  a  complex  moment.  Some 
researchers  continue  searching  for  alternative 
conceptions  about  this  or  that  tonic,  others  are 
more  concerned  with  the  process  of  interaction 
between  prior  private  knowledge  and  curricular 
knowledge  while  others  try  to  produce  tools  for 
promoting  conceptual  understanding  and  conceptual 
change.  There  are  people  more  Interested  in  doing 
mc»re  theoretical  approaches  <eplstemologycal 
psychological,  philosophical)  and  there  are  others 
mo-e  concerned  with  practical  aspects  (curricula, 
didactics) . 

Although  some  researchers  explicitly  refer  to 
"the  danger  of  the  whole  alternative  frameworks 
research  program  degenerating  into  a  kind  of 
mindless  search  for  misconceptions,  their 
frequency,  etc."  (Pines  &  Vest,  1986,  p. 598),  we 
believe      in     the      powerful      contribution     of  the 
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different  kinds  of  research  in  this  area  to  the 
evolution  of  science  educj^tion. 

Based  on  a  review  of  relevant  research  on 
children*  «^  alternative  conceptions  we  investigate 
the  following  questions:  a)  how  are  children  able 
to  distinguish  between  "mold"  of  bread  and  copper 
oxide;  b)  how  do  they  explain  the  appearance  of  the 
mold  and  the  oxide;  c>  how  Ho  children  classify  the 
mold  and  the  oxide  in  terms  of  living/non-living- 


KETHODOLOGY 

The  sample  of  116  children  was  randomly  drawn 
by  grade  fro-u  three  schools  in  Braga:  one  primary 
school  <3rd  grade),  one  preparatory  school  r^.^  and 
6th  grades)  and  one  secondarv  fzr^ool  <7th  rade). 
The  sample  was  constituted  as  fdiows.  30  children 
from  the  3rd  grade  <15  boys  and  15  girls)  with  an 
average  age  of  7.9  years  27  5th  graders  <12  boys 
and  15  girls)  with  an  average  age  of  J  0.6  years,  30 
6th  graders  (half  males,  half  females)  with  an 
average  ^ge  of  11.7  years;.  29  pupils  from  the  7th 
grac'o  (^4  boys  a  .  15  girls)  with  an  average  age  of 
12.6  years.  Lve  pupil  w-»s  in  his/her  rade  for 
the  first  time. 

All  the  pupils  w3re  p^  -ie'.ted  with  questions 
about  the  mold"  and  the  "copper  oxide"  (see  annexe 
1)  which  were  the  first  part  of  an  individual 
interview  about  Uving  organisms,  life,  death  and 
decomposit:  jn,  carried  out  by  one  of  the  authors  in 
winter  1985  (Freitas,  1987).  Each  child  took  three 
to  five  minutes  to  arswer  the  questions  under 
individual  interview  conditions. 

Based  on  both  the  individual  answers  given  by 
the  children  to  each  question  or  set  of  questions 
and  the  curricular  jerspective  contained  in  the 
syllabuses  and  textbooks  we  constructed  categories 
each   of   them   including   a  certain   kind   ol  answers. 
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In  doing  so.  we  also  tried  to  make  it  explicit  the 
distinction  between  conceptions  based  on  curricular 
science  and  alternative  deas 

RESULTS 

TabOe  1  shows  the  words  usea  by  the  children 
of  each  grade  in  identifying  the  mold  of  bre/.d. 
None  of  the  children  used  either  the  scientific 
general  word  "fungus"  or  the  scientific  specific 
word  "rizophus  migricans" .  However,  most  of  the 
children  (80.5%)  used  the  word  "mold"  which  is  a  of 
both  everyda>  language  and  curricular  science.  Such 
percentage  is  not  equaly  distributed  by  the  four 
grades.  In  fact,  only  53.5%  of  the  3rd  graders?  jse 
the  word  "mold"  while  the  remaining  46.5%  either 
don't  know  h^w  to  designate  it  (26.6%)  or  employ 
other  words  like  "dust",  "dirt",  "rust"  (20.0%). 
The  percentage  of  children  using  the  word  "mold" 
increases  fro.-D  the  3rd  to  tho  6th  grade  going  a 
littl.2  down  in  the  '^th  grade. 

Ir.    what     ..^ncerns    the     identification    of  the 
oc-  '>:ide.      ^able     2     shows     that     none     of  the 

'    '  the  scxentific  word.    The  most  frequent 

worat.  aro  "rust"  (40.5%)  aad  "mold"  (31.9%).  Other 
woras  like  "ducc",  "mold  with  dirt"  and  "green 
rust"  were  used  in  a  percentage  of  18.  1%.  Nine  and 
half  percent,  of  the  pupils  didn't  know  how  to  name 
the  oxide. 

Taking  into  account,  as  a  whole,  the  words 
•jsed  i  each  case  ("mold"  and  "copper  oxide")  we 
can  see,  on  one  hand,  that  only  48.4%  of  the 
children  (see  .able  3)  were  able  to  distinguish 
be^'^aen  mold  and  copper  oxide  using  words  such  a& 
"mold'^  and  "rust"  (35.7%)  or  "mold"  and  "green 
rust"    (2. 6%) . 

On  the  other  hand,  34.4%  of  the  pupils 
confused  the  two  entities  designating  bcth  of  them 
as  "mold"  (30.9%),  "rust"  (1.7%)  or  "other  words" 
(1.8%).    There    are    17.    ;    of    the    pupils    that  can't 
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TABlE  1 

Teras  used  in  the  identification  of  "aold*  by  grade  (X) 


(H«n6) 


TERHS                 3:-)  Graue  5th  Grade  6th  Grade  7th  Grade  Total 

Hold                           S3. 4            88,9  96,7  82,8  80,5 

Other  terBS  ^  ^ 

(rust.  dust,  dirt)         ^0.0             7.4  3,3  17.2  )2,0 

Oon*t  Know                  26.6             3,7  0.0  0,0  7.5 


TABLE  2 

Ter«s  used  in  the  identification  of  "copper  oxide"  by  grade  ()C) 

(N>il6) 

.  1  

TERnS  3rd  Graeme    5th  Grade    6th  Grade    7th  Gride  Total 

40,0  27,6  40.5 

36,7  41,4  31,9 

16,6  31,0  18,1 

6,7  0,0  9,5 


Ruit  36,7  59,3 

Kold  26,7  22,2 

Otht.'  tens  (dust,  ...  _  . 

ROld  with  rust,  dirt)  ' 

Oon*t  Knov  20,0  11,1 
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TABLE  3 


Distinction  between  'nold'  and  'copper  oxide"  by  grade  (V 

(K3|I6) 


CATEGORIES 

3rd 
Grade 

5th 
Grade 

6th 
Grade 

7  th 
Grade 

Total 

1 ,  Distinguishes  between 
•sold*  and  "copper  oxide": 

33,3 

51.9 

56.6 

51.7 

48.4 

1,1,  using  the  teras 
•nold"  and  'rust* 

23,3 

51,9 

4,0 

27,6 

35,7 

1,2,  using  the  teras  "lold" 
and  "green  rust* 

0,0 

o,c 

3.3 

6,9 

2,6 

1  .'-i.,  using  other  terns 

10,0 

0,0 

13.3 

17,2 

10.1 

2,  Confuses  "lold*  with 
•copper  oxide*; 

30,0 

25,9 

33,3 

48,2 

34.4 

2,1 ,  using  the  ten 
•aold" 

23,3 

22,2 

33,3 

44,8 

30,9 

2,2,  using  the  ten 
•rusf 

6.7, 

0.0 

0,0 

0,0 

1.7 

2.3,  using  other  tens 

0,0 

3,7 

0,0 

3,4 

1.8 

3,  Doesn'i  Know 

36.7 

22.2 

10.0 

0,0 

17,2 

X'»17.19,   df=6,   p<,009  (categories  1.  2  and  3) 
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decids  if  wold  and  copper  oxide  are  the  saae  or 
different  things,  The  percentage  of  children  that 
are  able  to  make  that  distinction  increases  from 
the  3rd  to  the  6th  grade  (33.3%,  SI, 9%,  56.6%) 
going  a  little  dovm  in  the  7th  grade  (51.7%).  The 
differences  between  the  four  grades  are  significant 
(X'*=17.19,  df=6,  p<.009),  (see  in  table  3).  At  the 
san«  time  the  per  entage  of  answers  "Don*t  know** 
decreases  with  the  grade  (36.7%,  22.2%,  10.0%  and 
0.  0%) . 

Regarding  the  explanations  given  by  the 
children  for  the  formation  (appearance)  of  mold  and 
copper  oxide  and  looking  at  tables  4  and  5  we  can 
see  that  none  of  the  children  explain  both 
phenomena  by  using  curricular  perspectives.  In 
fact,  none  of  the  pupils'  explanations  refer  that: 
a)  the  mold  is  a  microorganism  (fungus)  which 
develops  in  a  nutritive  medium  (bread,  for  example) 
from  reproductive  cells  (spores);  b)  copper  oxide 
is  a  chemical  substance  formed  as  a  result  of  the 
oxidation  of  the  copper  by  an  oxidant  agent 
^usually  the  oxigen).  All  children  adopt 
alternative  conceptions  based  on  ether  inodels,  It 
was  possible  to  identify  three  alternative  models: 
a)  the  mold/oxide  is  a  property  of  Gome  objects 
(bread  and  other  food  /  copper  and  mete  Is  in 
general);  b)  the  mold/oxide  is  a  result  of  the 
action  of  an  extex^nal  agent  upon  the  object; 
c)  raold/oxide  is  a  consequence  of  a  "mechanicist" 
interaction  between  an  object  and  un  external 
agent.  FaDle  6  shows  some  of  the  children's  answers 
as  examples  of  each  model  referred  to  above. 


TABLE  4 


Explanations  for  the  appearance  of  'iold*  by  grade  (X) 


CATEGORIES 

3rd 

Sth 

Sth 

7th 

Grade 

Grade 

Grade 

Gt-ade 

Total 

1..  Curricular  perspective 

0.0 

0,0 

0,0 

0,0 

0.0 

2.  Alternative  conceptions: 

100.0 

100. 0 

9S.7 

100.0 

99,1 

2.1 .  property  of  objects 

33.3 

22,2 

20,0 

37,9 

28,4 

2.2.  product  of  the  action 

of  an  external  agent 

53.3 

48.1 

SO.O 

34  .S 

46.5 

ijpon  the  object 

2.3,  product  of  the 

interaction  betveen 

13,3 

29. G 

26.7 

27, S 

24,3 

the  object  and  an 

external  agent 

3.  Oon't  Knov 

0.0 

0,0 

3,3 

0.0 

0.9 

x'*S.SS,  df=6,    p<.47S  (categories  2,1.  2,2  and  2.3) 



TABLE 

5 

Explanations  for  the  appearance  of 

•copper  oxide*  by  grade  (1) 

'MrllS) 

3rd 

Sth 

Sth 

7th 

CATEGORIES 

Grade 

Grade 

Grade 

Grade 

Total 

1.  Curricular  perspective 

0.0 

0  0 

0.0 

0.0 

0.0 

2.  Alternative  concept-ons; 

100.0 

100,0 

89.9 

9S,S 

96.6 

2.1.  property  of  objects 

23.3 

2S.9 

23  3 

20.7 

23.3 

2,2,  product  of  the  action 

of  an  exyernal  agent 

SO.O 

48.1 

40.0 

17.2 

38.8 

agent  upon  the  object 

2,3,  product  oi  the 

interaction  betveen 

23.3 

2«i.9 

23.3 

SI. 7 

31.1 

the  object  an  the 

external  agent 

2.4,  other  explanations 

3.3 

0.0 

3.3 

6.9 

3,4 

3,  Oon't  Knov 

0,0 

0.0 

10.0 

3,4 

3.4 

X'«S,90,   df«3,   p<, 11'  'categories  2,1,  2.2,  2.3  and  2.4) 
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Table  6 


PROPERTY  OF  THE  OBJECTS 


PUPILS'  ANSWERS 

"Hold- 

•  "is  characteristic  of  the  bread" 

•  "the  bread  gains  always  that  thing  ..." 

•  "as  the  time  passes  that  t the  mold]  appears 
In  the  bread. . . " 

•  "the  bread  is  old  and  so  ...  it  is  like 
that.  .  . 

"Copper  Oxide" 

•  ''is  characteristic  of  the  iron" 

•  •'the  metals  gain  always  that  ..." 

•  "as  time  passes  metals  become  like  that  ..." 

•  "all  old  metals  have  that  C oxide]" 


PRODUCT  OF  THE  ACTION  OF  AN  EXTERNAL  AGENT  UPON  THE 
OBJECT 


PUPILS'  ANSWERS 

"Hold" 

•  "it  is  the  dust  that  accumulates..." 
.  "It  is  dirt  let  by  insects"' 

•  "this  comes  from  the  air  and  accumulates 
upon  the  bread. . . " 

"Copper  Oxide" 

•  ''it  is  the  dirt  upon  the  copper" 

•  "it  Is  the  rust  that  comes  from  other  things 
and  accumulates  here" 

•  "that  comes  from  de  air  and  with  the  r  'n 
too. . 


PRODUCT  OF  THE  INTERACTION  BETWEEN  THE  OBJECT  AND 
AN  EXTERNAL  AGENT 


PUPILS'  ANSWERS 

" Hold" 

•  "it  is  the  sun  acting  on  the  bread" 

•  "it  is  the  insects  and  the  bacteria  that  let 
the  mold  when  they  are  eating  the  bread" 

•  "it  is  th«  dust  that  infiltrates  in  the 
bread  and  modifies  it  like  that..." 

•  "mold  comes  from  the  bread  (flour)  by  the 
action  of  heat" 

"Coppei   Oxide"  ^ 

•  "it  is  due  to  the  action  of  sun  and  rain  in 
the  copper" 

•  "it  is  the  rain  that  eats     the  metal" 

•  "if  metals  aro  not  clean,  the  rain  and  water 
come  and  disaggregate  a  part  of  the  metal" 

.  "rust  Is  formed  from  the  copper  by  tb? 
action  of  the  air.    the  water  and  heat.  ." 
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The  predominant  model  in  both  cases  (mold 
formation  »nd  copper  oxide  formation)  is  the  last 
alternative  model  referred  to  above  -  the 
oechanicist  causal  model  (46.8%  of  the  pupils  for 
the  case  of  the  mold  and  38.8%  of  the  pupils  for 
the  oxide).  The  differences  between  grade<-  are  not 
significant    (x^=5.55.   df=6,  p<.475). 

Table  7  shows  children's  classifications  of 
mold  and  copper  oxide  in  terms  of 
1 iving/non-1 i ving. 

As  we  can  easily  see,  only  few  children 
(11.2%)  were  able  to  make  a  correct  classification 
of  mold  as  a  living  organism  and  copper  oxide  as  a 
non-living  entity.  A  large  percentage  of  children's 
(88.8%)  uses  alternative  ideoiis  identifying  both 
mold  and  oxide  either  as  living  things  (23.3%)  or 
as  non-living  thlpgs  (65.5%).  If  we  group  3rd,  5th 
and  6th  grades  and  compare  the  average  percentage 
of  these  grades  with  the  percentage  of  the  7th 
grade  we  found  a  significative  difference  (x^=4.86, 
df=l.  p<.027).  This  means  that  7th  graders,  however 
in  a  small  global  percentage,  utilize  the 
curricular  perspective  more  than  the  children  of 
the  other  grades. 

The  criteria  used  by  children  in  classifying 
moid/oxide  as  living/non-living  are  presented  in 
table  8. 
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TABLE  7 

Classification  of  'lold'  and  'copper  oxide'  as  living/non  living  by  grade  it) 
 (N=n6) 

3rd         Slh         6lh  7th 
CATEGORIES  6rade      Grade      6rade      6rade  Total 


1.  Curricular  perspective 

(the  told  lives  and  3.3 
the  oxide  doesn't) 

2.  Alternative  conceptions 

(both  are  living  or  96. G 

both  are  non  living): 

both  are  living  3.3 

7  '  .  both  are  non  living  93.3 


7.36,  df=3,   p<.06i  (categories  1  and  2/ 

4.88.  dfsi,   p(.027  (categories  I  and  2,  grouping  the  3rd,  Sth  aisJ  6th 
grades  and  after  yates  correction) 
x'=n,64,   df=3,   p(.009  (categories  2.1  and  2.2) 


11.1  6.7 

88.9  93.3 

25.9  33.3 

63.0  60.0 


24.)  11.3 

7S.8  88.7 

31.0  23.4 

44.8  6S.3 
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TABLE  8 

Criteria  u8«d  in  the  classification  of  aoid/copper  oxld«  as 
living/noft  ilvlDg  \  grad«  (X)  (N-116) 


3rd 

5tfc 

6th 

7th 

Criteria 

Grade 

Grade 

Grade 

Grade 

TOTAL 

I 

11  theory 

0.0 

0.0 

0.0 

0.0 

0  0 

2. 

"Classic  characteristics 

of  llf« 

80  0 

43.3 

56.7 

53  3 

58.3 

3. 

Koveaent 

3.3 

13.3 

16.7 

6.7 

10  0 

4. 

Other  oiologlc«»l 

caracterlstlcs 

6.7 

16.7 

10. 0 

3.3 

$.2 

5. 

Fora.  constl  «.utloa  and 

struclure 

6.6 

6.6 

3.3 

3  3 

5  0 

6. 

FunctlOD  and  usefulness 

0.0 

0.0 

0.0 

3.3 

0.8 

7. 

State  and  place 

3.3 

16.7 

30.0 

10  0 

15  0 

3. 

Classlcatory 

3  3 

3.3 

0.7 

10  0 

5  8 

9. 

Analogies 

6.7 

6.7 

3.. 3 

3.3 

5  0 

10. 

Tautology 

36.7 

26.7 

2S  3 

10. 0 

24.2 

11. 

Antropoaorphlc 

6.: 

3  3 

0.0 

6.6 

«.l 

I?. 

£xi  s  te  nca  /  A  pper  *a  nce 

3.3 

23.3 

23.3 

23.3 

18.3 

13. 

General  activity 

0  0 

3.3 

10.  0 

6.7 

5.0 

U. 

Other 

6.7 

13. 

D.O 

10  0 

10.  0 

15. 

None 

3.  J 

3.3 

6.7 

3.3 

4.2 

CONCLUSION  AND  IMPLICATIONS 


The    analysis   of    data   allows    us    to   draw  some 
1  njportant  conclusions. 
1.     Regarding   our    first,   research   question   we  can 
conclude  that: 

1.1.  Only  48.3%  of  the  children  are  able  to 
distinguish  between  mold  of  bread  and 
copper  oxide; 

1.2.  This  capacity  in  leaking  Guch  a 
distinction  increases  significantly  .^roin 
the  3rd  to  the  6th  grade  and  decreases  in 
the  7th  grade; 

1.3.  Even  after  having  been  instructed  a  ?out 
fungi  <6th  grade)  and  chemical  phenomer.A 
<6th  grade),  a  significative  percentage 
of  the  pupils  <33.3'/*  of  6th  graders  and 
43.3'/i  of  7th  graders)  confuse  mold  with 
copper  oxide. 

1-4.  Evtin  wh<?n  children  are  able  to  make  the 
ilistinction  referred  to  above  they  don't 
use  the  scientific  words  "fungus"  or 
"oxide".  In  fact.  although  a  large 
percentage  (80. 2y^)  can  identify  the  mold 
of  bread  as  "mold"  <a  word  that  belongs 
to       both  everyday       language  and 

curricular/scientif ic  language),  they 
have  mor'-  difficulty  in  naming  the  copper 
oxide  in  an  acceptable  way.  Thus  they 
either  use  the  common  name  of  "rust" 
that  they  apply  to  iron  (40.  5'^)  or  the 
word  "mold"  that  comes  from  a  certain 
apparent  similarity  with  the  mold  of 
bread  (31.9%); 
2.  Regarding  to  the  second  question  it  becomes 
clear  that: 

2.1.  None  of  the  children  adopt  the  curricular 
perspect  i ves  for  explai  ni  ng  the 
formation  of  both  the  mold  and  he 
copper  oxide. 


2.2.  Almost  all  the  pupils  (99.  expl&in 
the  formation  of  mold  and  copper  oxide 
taking  as  reference  one  of  three 
alternative  zDOdele:  a)  mold/oxide  as  a 
property  of  some  objects  (28.4%  and 
23.3%);  b)  mold/oxide  as  a  product  of  the 
action  of  an  external  agent  upon  the 
object  (46.6%  and  38.8%);  c)  nold/oxide 
as  a  product  of  a  raechanicist  interaction 
(24. 1%  and  31. 1%) . 

2.3.  In  what  concerns  the  utilization  of  such 
nodels,  there  are  no  significative 
differences  between  the  fou.*  grades. 

3.      In     regard  to     the  3rd  research  question  it  is 
possible  to  state  that: 

3.1.  Only  a  small  percentage  of  the  pupils  of 
all  grades  (11.2%)  was  able  to  classify 
the  mold  as  a  living  orgaaisra  and  the 
oxide  as  a  non- living  thing.  The 
remaining  88.8%  of  the  pupils  classified 
both  the  mold  and  the  oxide  either  as 
living  organisms  or  as  non-living  things. 

3.2.  However.  the  great  majority  of  the 
children  (65.5%)  shows  an  " inanimist ic" 
tendency,  i.e.  state  that  mold  is  an 
Inanimate  entity;  only  23.3%  of  the 
children  show  traits  of  animism  in 
classifying  the  copper  as  living 
organism. 

3.3.  The  differences  among  grades  in  adopting 
the  curr^.cular  perspectives  versus 
alternative  corceptions  between  grades 
are  si^jnificant  only  If  we  compare  the 
percentages  of  3rd  graders  with  the 
average  of  the  percentages  of  the  other 
grades. 

3.4.  Ve  can  also  stress  that  the  graders  in 
our  sample  are  significantly  less 
anim  5tic  (and  so  more  "  inanimistic" ) 
than  5th.   6th  and  7  th  graders. 
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3.5.  The  most  frequently  used  criteria  in 
classifying  mold  and  copper  oxide  as 
living/non-living  things  are  the  "classic 
characteristics  of  life"  (58.3%). 
••tautology"  (24.  2%) ,  "existence/appear- 
ance" (18.3%);  none  of  the  children 
utilize  '*cell   theory  based"  criteria. 

3.6.  Children's  conceptions  about  life  and 
living  organism  are  more  a  problam  of 
alternative  models  used  to  make  the 
distinction  between  aniinate  and  inanimate 
things  rather  than  a  stage  dependent 
spontaneous  evolution  from  animism  to  an 
"adult"  concept  of  life.  Piaget 
postu lated . 

If  you  want  to  go  further  ahead,  inserting 
this  specific  study  about  mold  and  oxide  in  a  wider 
context,  and  draw  some  more  general  conclusions,  v/e 
must  consider  the  learner* s  placement  within  a 
constructivist  perspective.  In  figure  1  we  try  to 
represent  how  learner's  knowledge  is  placed  and 
interacts  with  oth»r  kinds  of  knowledge. 

A  constructivist  perspective  about  knowledge 
and  learning  acknowledges  the  idea  of  everyone 
(scientist,  teacher,  pupil  or  citizen)  constructing 
his/her  own  private  understanding  either  directly 
about  the  reality  or  about  some  part  of  public 
knowledge.  Everyone's  private  knowledge  is.  in  the 
end,  a  result  of  one*s  effort  to  make  sense  of 
his/her  world  and  his/her  life.  In  the  world,  as 
well  as  in  life.  things  are  not  divided  into 
disciplines  or  topics  but  related  to  one  another 
and  integrated  as  a  whole.  So,  the  teaching  and 
learning  process  must  begin  with  general  and 
integrated  concepts.  models  and  procedures.  The 
inevitable  disciplinary  approach  can  only  be  done 
bearing  in  mind  integrated  general  schemes  and 
always  returning  to  them  ■  Taking  the  topic  of  this 
study  we  think  that  the  Portugucce  curricular 
perspective    of   emphasizing,    in   th-    first   years  of 
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4)  scientific  paradigis 

b)  scientific  coawnities;  scientists 

c)  research 

d)  research  labs;  bodies  of  scientific  Icnovied^e 

e)  scientific  and  technical  foriaiiss 

f)  U  explain  the  phenoiena  and  act  upon  the  vorld 

g)  agreeient  froi  scientific  coiiunities 


a)  curricuUr  paradigis 

b)  specific  groups  of  teachers 

c)  curncuUr  foriahsi 

d)  curricula;  syUbutes 

e)  scienctists'  science 

f)  to  be  transmitted  in  school 

g)  iinistry,  lav 


aJ  private  paradiges  and 
curricular  paradigis 

b)  teachers 

c)  teachers Vcurncular 
forialisi  and 

sveryday  language 

e)  rurricul>'  science  and 
scientms'  science 

f)  to  be  taught 

g)  schoolar  instititions 


a)  private  paradigis 
(individual  and  groups) 

b)  children 

c)  everyday  language 

d)  culture;  local  coiiunitics; 
hoie;  kindergarten 

e)  faiily;  friends;  stories;  TV;  etc 

f)  to  explain  and  act  upon  the  vorld 

g)  success  in  everyday  probleis 


a)  private  paradigis 
(individual  and  groups) 

b)  nan 

«.}  everyday  language 

d)  culture;  locil  coaWiHties; 
hoie;  p<iblic  places 

e)  faiily;  friends;  nevspaper^; 
aagazines;  TV:etc. 

f)  to  explain  and  act  upon  the  vorld 

g)  success  in  everyday  probleis. 


a)  paradigis 

b)  'agents' 


c)  fonahsi 

d)  environient 


e)  souces 

f)  aiis 

g)  certification 


FIG.  1 
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school,  the  differences  between  living  and  non- 
living may  not  help  children  to  understand  the 
concepts  of  living  beln^,  non-living  being,  life, 
death,  decomposition  of  matter,  etc.  .  In  our 
opinion  living  and  non-living,  as  well  as  organic 
and  inorganic  matter  should  be  approached  In 
paralell  .  by  discussing  not  only  the  differences, 
but  also  the  similarities.  The  unity  of  matter  must 
be  approached  in  the  curricula  since  the  first 
years  of  school. 

Struggling  to  make  sense  of  the  world  they 
live  In,  children  use  v.  y  often  causal  explanation 
models  (Andersson.  1986)  or  look  at  the  dinamlc  and 
Interactive  phenomena  as  If  they  were  properties  of 
things  ■  river  et  al.  .  1985).  This  is  clear  if  we 
look  at  the  models  used  by  the  children  of  our 
study  when  explaning  the  mold/oxide  process 
formation.     Taking    the  causal  explanations 

models  we  would  like  to  stress  our  curiousity 
about  a  possible  relationship  between  such  causal 
schemes  and  the  generalized  existence  of  logical 
fallacies  such  as  assuming  that  events  which  follow 
others  are  caused  by  them  (post-hoc  reasoning),  or 
imputing  causal  significances  to  correlations 
(Jungwirth,  1985;  Sequeira  &  Freitas.  1987).  Ve 
also  believe  that  circular  reasoning  (tautologies) 
is      another  important      f al lacy ,       related  to 

children*  s  alternative  conceptions  (see  table  8) , 
which  is  sometimes  tolerated  if  not  reinforced 
by  curricula,  by  some  school  textbooks  and  even  by 
teaching  activities.  Such  assumptions  allow  us  to 
suggest  some  major  implications  for  science 
education.  School  teaching  and  learning  activities 
must  consider  su^h  generalized  models  of  conceptual 
(or  descriptive )  knowledge  and  procedural 
knowledge.  However,  to  change  some  causal 
explanations  for  some  specific  phenomena  or  facts 
is  not  enough  -  we  need  to  change  the  stereotyped 
kinds  of  reasoning,  like  post-hoc  reasoning  or 
correlational  fallacies. 

'  82.8 


Everyday  language  is  a  reality  that  can't  be 
Ignore  Several  times  either  the  word  used  in 
everyday  language  for  designating  something  is 
different  from  the  one  used  in  currlcul&r  science 
or  the  saztie  word  has  different  meanings  in  tl 
everyday  world  and  in  school  context.  Ve  believe 
that  science  teachers  must  have  this  reality  into 
account.  The  everyday  language  must  be  recoj^nized 
by  schools  and  teachers  but  nc-.  in  the  sense  of 
either  accept  its  cha**acter  i  st  Ic  words  or 
loechanicaly  ;»ubt.*titi.te  the  common  words  by  the 
"scientific"  ones.  The  problem  is  to  establish  +be 
Correspondences  as  well  as  the  discrepancies 
b^'tween  t.te  two  languages  and  to  stress  the 
Importanc     of  learning  how  \o  use  each  cf  them. 
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Appendix  I 


Interview  guide*   <  First  part  -  mold  and  copper 
oxide  problem) 

Children  are  shown  a  piece  of  bread  with  mold  and  a 
small  copper  plaque  ouidated  in  several  points. 

Look  carefully  at  both  this  piece  of  bread  and 
this  copper  plaque. 

(pointing  to  the  mold  in  the  bread) 

1  -     What  is  this  ? 

(pointing  to  the  copper  oxide) 

2  -     And  this  ? 

3  -    How    do    you    expl^,in    the    appearence    of  that 

thing  you  named  an  (1)  ? 
^  -    And  of  that  thiiig  you  named  as  (2)  ? 

5  -     The     (1)     is    a    living    being    or    a  non-living 

being  ? 

6  -     Why  do  you  say  that  the   <1)   is  a  living/  non- 

living being  ? 

7  -     And  the   (2)   is  a  living  or  s      'n-living  being? 

8  -     Why  do  you  say  that  the   C2)         a  living/  non- 

living being  ? 


(1)  -  name  given  by  the  child  to  the  mo'.i  cf  bread, 

(2)  -  name  given  by  the  chil'?  to  the  copper  oxide. 


What  Besides  Conceptions  Needs  to 
Change  in  Conceptual  Change  Learning? 

Edward  L.  Smith 
Michigan  State  University 

Over  the  past  ten  years,  a  large  body  of  research  has  described 

numerous  examples  of  widely  held  beliefs  about  natural  phenomena  that 

di-<^er  fundamentally  from  contemporary  scientific  explanations  of  them. 

These  alternative  f-ameworks ,  misconceptions,  naive  theories  or  naive 

conceptions  are  more  than  interesting  observations  or  obstacles  to  be 

ercorae.  They  po^.nt  to  the  nature  of  learning  in  science  and  to  the 

challenge  of  learning  with  understanding. 

The  importance  of  these  naive  conceptions  derives  from  the  central 

role  our  conceptions  play  in  perception,  comprehension,  problem  solving 

and  learning.  They  form  a  directing  and  interpretive  framework  within 

which  we  literally  construct  our  knowledge  and  experience  from 

information  available  in  our  memories  and  environment.  Tl'Uo,  the  fact 

that  most  learners  bring  to  the  study  of  science  conceptions  which 

differ  fi'om  and  often  conflict  with  those  underlying  the  information 

they  encounter  creates  a  considerable  challenge.  The  rather  straigbr 

forward  comprehension  that  occurs  when  appropriate  conceptions  are 

available  cannot  take  place.  In  order  for  the  subject  matter  to  be 

understood,  the  conceptions      e  has  must  be  changed.  This  creates  the 

problem  of  conceptual  chanfe^  as  described  by  Toulmin  ('  72).  Posner. 

Strike,  Certzog  and  Hewson  (1982).  and  others  (e.  g.  .  Carey,  1986). 

The       earch  on  naive  concepticns  has  revealed  that  in  many  cases 

only  a  minority  of  students  accomplish  this  kind  of  learning.  Some 

misinterpret  instruction  in  terms  of  their  naive  cv^nceptions  while 

others    find  it  difficult  to  make  much  sens^  of  instruction  and  resort 

to  memorization  to  neet  thft  demands  of  instruction. 

It  is  clear  from  the  student  conceptions  research  that  students' 

naive  conceptions  are  an  iirportant  factor  in  learning  (or  failing  to 

iearn)  science  with  understanding.  However,  as  a  number  of  researchers 

have  noted,  there  is  more  to  conceptual  change  learning  than  changing 

r^nceotions  per  sc.  For  exnmple,,  Viennot  (1983)  dis--usses  ways  in  which 

••students'  spontaneous  reasoning"  differs  fro.«  that  of  physicists.  She 

points  out  that  the  range  of  problems  to  which  stuJentt,  apply  their 
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notions  does  not  cover  the  same  domain  as  that  of  the  i.*«ysicist.  and 
that  while  -a  concept  is  well  defined  in  physics,  always  designated 
explicitly  by  the  same  word,   ...  in  spontaneous  reasoning  students  are 
usually  not  conscious  of  the  'notion'  they  use  and  may  call  it, 
sometimes  indifferently."  by  several  different  names. 

Soloman  (1983)  contrasted  features  of  students'  "life-world 
knowledge"  ^nd  knowledge  based  on  the  "fo;mal  explanations  that  we 
teach  in  school."  She  points  out  that,  in  contrast  to  science 
knowledge,   lifeworld  knowledge  is  "inconsistent  and  context  bound"  and 
"is  not  symbolic."  Her  central  point  is  that  students  develop  two  very 
distinctive  "worlds  of  knowledge." 

These  examples  illustrate  that  helping  students  to  function  more 
like  scientists  in  their  acquisition  and  use  of  scientific  knowledge 
involves  more  than  changing  specific  conceptions.  Tlie  purpose  oZ  this 
paper  is  to  explore  what  -Ise  may  need  to  change.   I  will  address  this 
f,oal  in  three  ways.  First,  I  will  des  ribe  several  such  aspects  from 
our  —  research  program  at  Michigan  State  University.  Next  I  will 
relate  this  work  to  the  idea  of  a  conceptual  ecology  (Posner.  et  al . 
1982).  Finally.  I  will  discuss  how  such  changes  might  be  addressed, 
drawing  on  some  proliminary  pilot  vcrk. 

Some  Other  X^jngs  tha^  T^^ngf^ 
In  this  section  I  shall  refer  tr  .-,everal  studies  carried  out  by  my 
colleagues  and  I  at  Michigan  State  University,  highlighting  aspects 
relating  to  aspects  of  knowledge  that  seem  to  require  change  along  with 
more  obvious  char.gcj  in  students*  conceptions.  These  aspects  include: 

1.  The  kinds  of  explanations  students  construct  and  prefer. 

2.  Students  reasoning  about  the  conservation  of  matter,  and, 

3.  Student  goals  and  strategies  for  instructional  tasks. 

Student  Explanations  —  Empirical  Circulai/ty 

The  importance  of  these  two  asper.ts  of  student  thinking  emerged 
from  two  earl'er  studies  and  became  central  foci  in  recent  one.  The 
nature  of  students'  explanations  emerged  as  an  issue  in  a  two  stage 
study  of  science  teaching  at  the  fiftb-grade  level  (Smith  and  Anderson, 
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198A).  The  first  stage  was  a  naturalistic  study  of  14  teachers,  nivs  of 
whom  were  using  an  inquiry-based  science  program  (SCIIS  or  SCIS  II)  and 
five  of  whom  were  using  a  tex*;-based  program  (Exploring  Science, 
published  by  Laidlaw) .  During  the  second  stage  of  the  study  we 
developed  interventions  in  which  we  provided  instructional  materials 
designed  to  help  teachers  become  more  aw;ire  of  and  help  students  change 
their  naive  conceptions. 

We  observed  the  inquiry  program  teachers  teaching  a  unit  on  plants 
as  producers  in  which  students  were  expected  to  develop  t.ie  conception 
that  plants  make  their  food  by  using  light  to  combine  cai  ^'on  dioxide 
and  water.  The  textbook  unit  dealt  with  light  and  vision.  That  unit 
addressed  the  idea  that  we  are  able  to  see  objects  when  some  of  the 
light  reflected  by  them  is  detected  by  our  eyes.  Thus,  both  units* 
Intended  outcomes  involved  children  using  abstract,  unobservable 
processes  to  explain  observable  <*vcnts.     However,  a  common  pattern  on 
both  our  pretests  and  our  posttests  as  well  as  in  class  discussions  was 
for  children  to  offer  as  explanations,  statements  which  were 
essentially  a  reiteration  of  the  observation  to  be  explained.  For 
example,  students  explained  that  the  plants  didn't  continue  to  grow  in 
the  dark  because  they  needed  ligh    to  grow.  The  students  seemed 
sutisCle'}  ■•'ith  such  eir-pirical  circularity  as  a  fotiT,  of  cxplar.ation. 
Thus,  they  had  little  motivation  Ij  integrate  the  new  ideas  into  their 
thinking  about  the  phenomena.  The  students  in  the  inquiry  program 
tended  to  think  that  the  point  of  •;hc  experiments  and  the  unit  was  to 
demonstrate  the  empirical  relationship  between  i^ght  and  plant  growth. 

As  a  result  of  our  findings  concerning  this  empirical  circularity 

in  Che  students*  explanations,  change  in  students '  explanations  wa? 

a<*    H  ^cU  explicitly  in  later  interventions  (Roth,  1983,  Roth  and 

A         on,  1985).  Roth  (1983)  expressed  this  contrast  in  her  student 

text  as  follows:^ 

H  4  can  we  explain  these  observations?  A  good  explanation  fc-  a 
s  ierce  experiment  docs  not  just  tell  what  you  saw.  A  good 
explanation  gives  a  reason  to  explain  why  something  happened. 
Sonetimos  you  have  to  think  about  thing.s  you  cannot  see  to  come 
up  with  a  good  explanation  o..  what  you  do  sec.  (p  7) 


Reasoning  About  Conservation  of  Matter 

A  contrast  between  naive  and  more  scientific  thinking  about 
conservation  of  matter  craerged  very  clearly  in  a  subsequent  study  in 
which    we  examined  the  teaching  and  learning  of  three  life  science 
topics  in  the  classrooms  of  thirteen  seventh  grade  teachers.  **tudent 
thinking  ^bout  the  topics  of  photosynthesis,  cellular  respiration  and 
matter  cycling  indicated  that  many  students  did  not  view  matter  as 
being  conserved  in  the  phenomena  related  to  those  topics  (Smith  and 
Anderson,  1986  and  1987).  Such  thinking  was  particularly  apparent  in 
the  matter  cycling  topic. 

Nonconscrvation  of  matter  was     'nifected  in  two  distinct  naive 
conceptions  of  matter  cycling  (F  ^ure  1).  In  the  more  naive 
conception,     matter  appeared  and  disappeared  in  various  natural 
processes  that  occur  under  proper  conditions  (Naive  II  in  Figure  1).  In 
this  view,  for  example,  organisms  require  food  to  grow.  However,  the 
food  is  not  viewed  as  being  transformed  in  some  way  to  occome  part  of 
the  growing  organism.  Rather,  having  food  is  simply  a  necessary 
condition  for  the  natural  process  of  growth  to  occur.  Similarly,  dead 
organisms  naturally  "rot  away"  over  time.  Thus,  students  may  be  able  to 
trace  the  cycle  of  events  but  do  not  view  matter  as  cycling  at  all. 

In  a  less  naive  ".onception  (Naive  I  in  Figure  1),  matter  is  viewed 
as  moving  through  food  chains  as  organisms  become  food  for  other 
organisms  and  some  of  the  food  becomes  incorporated  into  the  bodies  of 
the  eating  organisms.  However,   i,»  this  view  other  food  c^ts  used  fc 
energy.  Some  of  these  students  oan  trace  food  through  the  digestive 
tract  and  the  bloodstream  to  the  cells.  But  there  it  apparently  ceases 
to  be  matter.  Also    the  process  ot  decay  is  viewed  as    converting  daad 
organisms  into  minerals  which  recycle.  Althoi  gh  these  students  view 
some  matter  as  cycling  through  the  ecosystem,  they  clearly  do  not  view 
matter  as  necessarily  conserved  in  the  process. 

This  study  suggests  that  development  of  student  understanding  oi 
photosynthesis,  cellular  respiration  and  matter  cycling  requires  a 
level  of  commitment  to  conjervation  of  matter  in  what  scientists  view 
as  chemical  changes.  A  subsequent  study  (Hesse,  1987)  ^'irectly  examined 
the  role  of  conservation  reasoning  in  jtudent  conceptions  of  <  hemical 
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change.  That  study  also  exaniired  the  role  of  students  explanatory 
preferences . 

Conservation  Reasoning,  Explanatory  Preferences 
and  Conceptions  of  Chemical  Change 

The  studies  referred  to  above  Indicated  that  intended  changes  in 

students'  topic  specific  conceptions  were  intertwined  with  issues 

concerning  the  kinds  of  explanations  they  tend  to  construct  and  broader 

principles  such  as  the  conservation  of  matter.    These  issues  were  the 

focus  of  a  study  of  student  conceptions  of  chemical  change  (Hesse, 

1987). 

This  study  involved  about  one  hundred  of  Hesse's  high  school 
chemistry  students.  Hesse's  data  sources  included  a  combination  of 
written  explanations  of  demo,  -.trated  phenomena,  written  judgments  about 
the  acceptability  of  their  explanations,  stated  preferences  for  a 
balanced  equation  or  everyday  analogy  as  a  means  of  making  their 
explanations  more  acceptable,  and  interviews  which    further  probed 
student  thinking  about  the  demonstrated  phenomena  and  their  reported 
judgments . 

Among  the  key  findings  in  Hesse's  study  were. 

nf^ht  f"fP.[!'^"*'^^^Xu''^  ^^^^^  ts  exDlained  the  phenomena  in  cerms 
Sfro^fSf''^^  theory,  the  rest  .<:gularly  substituted  everyday 
^fcf^f^!.^"'*.^"?-^}:         chemical  substances  or  focused  on^oome 
visible  aspect  of  the  change  they  were  askf  '  to  explain. 

^!?^  students  were  "chemically  conserving  mass"  in  their 
explanations.  However,  some  did  exhibit  conservation  reSsSSinp  when 
t5aLfSrmn?innc'^if£^  ^^^"2"  as  "intricate  forms  of  physicSl^ 
transtormaLions  like  freezing  or  evaporation." 

I?uripn??^  a  "preponderance  of  analogical  thinking"  among  the 
cJnrf         ^2^^^?'?^'i^*'i^  seemed  to  Be  the  only  option  available 
since  they  had  little  functional  chemical  knowledge.  However,  even 
many  of  the  students  with  the  most  chemical  knowledge  Indicated  a 
?«nl^n^ML!''''  analogies    Students  seemed  to  believe  that  chemists' 
explanations  said  essentially  the  same  thing  using  bigger  words. 

In  discussing  these  results,  Hesse  noted  that  both  analogical  and 

chCTjical  theory  explanations  have  proper  f    n  according  to  Toulmin's 

(1961)  formulation.  That  is,  both  relate  i.he  phenomenon  to  be  explained 

to  something  judged  isore  simple  and  self  explanatory.  They  differ, 

rather,  in  content.  While  the  chemist  prefers  ex,   anaLions  that  are 

reductionist,  and  appeal  to  chemical  theory,   the  student.*-  prefer 

explanations  which  draw  on  the  familiar. 


Hesse  drew  a  comparison  between  the  students'  prelerence  for 
familiar  analogies  and  Aristotle's    use  of  the  life  cycle  of  plants  and 
animals  as  an  "explanatory  ideal."  He  point'^d  out,  however,  that 
students  do  not  exhibit  conunir'nent  to  any  particular  analogy. 
Furthermore,  the  students'  analogies  frequently  draw  students  attention 
to  surface  features  of  the  phenomena  and  away  from  unobservable 
features  that  students  might  in  other  circumstances  be  assisted  to 
conslutsr.  Tims,  while  there  may  be  potential  value  in  the  use  of 
analogies,  typical  student  use  of  them  is  problematic.  Hesse  arj^ued 
that  if  students  are  satisfied  with  their  analc^'ical  explanations, 
their  motivation  to  seek  alter'^atives  will  be  low. 

Conservation  reasoning  and  chemical  theory  seem  interdependent  in 
tha*:.  withovc  chemical  theory,  conservation  of  mass  appears  implausible 
in  many  phenomena.  On  the  other  hand,  without  a  commitment  to 
conservation,  there  is  little  reas'^n  to  consider  the  possibility  of 
unobserved  rcactants  and  products. 

Hesse  concluded  that  both  conservation  reasoning  and  explanatory 
ideals  need  to  be  explicitly  addressed  in  the  curriculum  along  with, 
a«..i  explicitly  related  to,  chemical  theory.  He  further  argueJ  that  this 
treatment  must  take  explicit  account  of  students*  naive  conceptions  in 
Jill  three  areas. 

These  arguments  are  consistent    with  Posner,  Strike,  Gertzog  and 
Hcwson's  requirements  for  conceptual  change  ^1982).  Uissat isfaction 
with  existing  conceptions  and  plausibility  of  an  alternative  are  viewed 
as  important  requirements  to  be  fulfilled  if  learners  are  to  seriously 
consider  the  alternative,  to  say  nothing  about  coming  to  adopt  it  over 
the  existing  one. 
Student  Strategies  and  Goals 

Roth  (1984)  found  that  a  conceptual  change- oriented  text  was  useful 
in  helping  fifth- grade  students  change  their  conception  of  plants' 
source  of  food.  To  gain  a  deeper  understanding  of  the  effects  of  such 

»xts ,  she  conducted  a  study  which  examined  both  the  scudents'  reading 
processes  and  changes  in  their  conceptions  of  photosynthesis  and  food 
for  plants  (P.ofh,  1983a  &  1985b).  This  study  involved  eighteen 
seventh-grade  studonts  using  one  of  three  alternative  texts.  Two  o.  the 
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texts  were  chapters  from  exif>ring  textbooks  while  the  third  was  an 
experimental  text  designed  co  explicitly  address  the  common  student 
misconceptions  about  food  for  plants  identified  in  earlier  studies.  The 
texts  were  of  comparable  lengths  (about  3400  words)  and  reading  level. 

A  stratified  raridom  sampling  procedure  wa&  used  to  assign  18  middle 
school  students  to  groups  so  that  each  group  contained  two  students 
reading  above,  at,  and  below  grade  level  according  to  Metropolitan 
achievement  test  results.  Each  student  read  one  of  the  three  texts  over 
a  thrae  day  period.  Following  each  reading  session,  each  .student  was 
int-GAiewed  to  obtain  information  about  both  their  reading  strategies 
and  their  ideas  about  photosynthesis  and  food  for  plants.  The  students 
were  also  pre-  and  post  tested  using  written  tests  similar  to  those 
used   .n  our  previous  studies. 

The  results  of  the  posttests  and  interviews  indicated  that  all  but 
one  of  the  experimental  text  group  reflected  understanding  of  the  goal 
conceptions  while  only  one  of  the  twelve  students  in  the  conventional 
text  groups  did.  Although  the  experimental  text  was  dramatically  more 
effective,  the  most  important  contribution  of  this  study  was  the 
iiiSight  gained  into  the  strategies  students  adopted  in  reading  the 
texts.  The  strategies  identified  were 

1.  Reading  for  conceptual  chan&e.  Characterized  by:« 

relating  text  ideas  to  own  experiential  knowledge  and  to  real 
world    phenomena , 

recognizing  and  actively  thinking  about  central  text  ideas 
that  conflict  with  personally  held  ideas, 

recognizing  conceptual  confusion  while  reading, 

willingness  to  change  misconcepwions  to  resolve  conflicts, 

re.ading  goal  of  making  'ense  of  text  ideas  and  using  them  to 
change  personally  held  ideas. 

2 .  Oyevrelyinp^  on  prior  knowledge  and  tr.norlnr.  text  knowlodRC. 
Characterized  by: 

decoding  to  find  familiar  words, 

relying  on  prior  knowledge  to  answer  both  text  questions  and 
questions  about  the  real  world,  largely  ignoring  text  ideas. 

reading  goal  of  performing  the  assigned  task. 
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Qverrelvlng  on  det:;»i]s  In  £^e  >  f?paratlon  of  prior  knowlerigft 

and  text  knowiedre  .  Charnrrpn^Pri      .  •'^'^ ''^'^^ '  ■      v%  vkhv^,  ^Hv  i^uKi; 

focusing  on  details  in  text,  most  often  specialized  science 
Vocabulary,  *^ 

using  details  to  answe*"  text  questions, 

not  atteinpting  to  relate  details  to  one  another  or  to 
real-world  phenomena, 

reading  goal  of  successfully  completing  assigned  task. 

?verrelvtng  on  fActs  in  the  text  with  an  addition  notion  of 


yverreiving  on  tacts  in  the  text  with  an  addifl/^n  notion 
uharacterizeS^by^^^"^  Prior  knowledge  and  text  knowledge. 

accumulating  facts  from  the  text, 

remembering  idsas  in  no  particular  order  and  placing  equal 
emphasis  on  details  and  main  concepts,  o 

prior  knowledge  used  to  answer  questions  about  the  real  world, 
reading  goal  of  memorizing  facts- 

5-    Overre lying  on  prior  knowl«^dPft  and  distorting  text  to  makft  it 
compatible  i^lth  prior  knowledge.  Cha;gr^prWoM  hy.        '"^^^  * 

attempting  to  make  sense  of  text  and  integrate  text  ideas  with 
prior  knowledge, 

distorting  or  ignoring  some  of  the  text  information  to  make  it 
tit  with  their  ideas, 

using  prior  knowledge  and  new  information  to  answer  text 
questions  and  questions  about  thp.  real  world, 

reading  goal  of  adding  information  to  what  they  already  knew. 

The  use  of  alternative  strategies  by  students  of  different  reading 
levels  using  different  texts  is  summarized  in  Table  1.    Strategies  2 
and  3  can  be  characterized  as  task  completion  strategies.  The  stuojnts 
did  not  seem  to  be  concerned  with  learning  at  all.  They  were  used  by 
the  below-  grade  level  readers  in  the  conventional  text  groups. 
Strategy  4  is  a  learning  strategy,  but  only  in  a  rote  learning  sense. 
New  information  was  not  integrated  into  students'  prior  knowledge.  This 
strategy  was  used  by  two  of  the  four  at-grade  level  readers  in  fhe 
conventional  text  groups.  The  other  at-grade  level  readers  and  3  of  the 
4  abovr -grade  level  readers  In  the  conventional  text  groups  generally 
used  strategy  5.  These  students  attempted  to  make  sense  of  the  text, 
but  selected  and  distorted  text  Information  to  fit  with  their  own  prior 
ideas.  Only  strategy  1  was  effective  in  help^.r.^  the  students  change 
their  misconceptions  and  develop  an  understanding  ot  the  goal 
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TABLE  1 

STRATEGY  USE^  BY  SiUDENTS  OF  DIFFERENT  READING  LEVELS 
USING  DIFFERENT  TEXTS  i-cvci-:> 


Reading  Level 


Below  grade 
At  Grade 

Above  Grade 


Conventional  Texts 
Strategy  #  Strategy  Type 
 (Freouepcv) 


2  &  3 


Task  completion 

Non- integrative 
learning 

Egocentric 
sensemakine 
(2/4)  ^ 

Egocentric 
senseinakine 

Conceptual  change 
sensemakine 
a/4>  ^ 


Experimental  Text 
Strategy  #      Strategy  Type 
 ~  (Frequency^ 


1.2,5 
1 


Conceptual  change 
sensemakine 
(1/2)  * 

Conceptual  change 
sensemakine 
(1/2)  ^ 

Mixed 
(1/2) 

Conceptual  change 
sensemakine 
(3/3) 


in  the  first  session  strategies  was  not  uncommon,  especially 


O  s 


conceptions.  However,  only  one  student  using  the  conventional  texts 
used  this  strategy.  About  half  used  non-sensemaking  strategies  and  most 
of  the  rest  used  an  egocentric  senscmaking  approach. 

All  but  one  (an  «it-gradc  level  reader)    of  the  students  in  the 
experimental  text  group  came  to  use  a  conceptual  change  strategy, 
including  all  the  bplow-grnde  level  renders  I  This  is  particularly 
remarkable  considering  that  the  students'  only  source  of  information 
wa'   the  text.  The  claim  was  not  made  that  the  studtnts  had  developed 
this  strategy  to  the  point  where  they  could  use  it  with  conventional 
textbooks.  However,  the  study  does  demonstrate  that,  with  appropriate 
support,  even  below  grades-level  readers  car.  use  much  more  effective 
strategies  for  learning,  even  when  text  is  a  primary  resource. 

This  study  illustrates  a  different  kind  of  change  required,  or  at 
least  highly  desirable  and  beneficial,  for  conceptual  change  learning 
to  take  place,  namely  change  in  the  goals  and  strategies  with  which  the 
students  approach  instructional  tasks.  The  study  also  demonstrates  that 
conceptual  change -oriented  text,  based  on  adequate  knowledge  of  common 
student  conceptions  and  ways  of  thinking  about  a  topic,  can  be  a  very 
useful  resource  in  helping  to  bring  about  such  changes. 

Discussion 

This  paper  addressed  the  question  what,  besides  conceptions,  needs 
to  change  in  conceptual  change  learning?    In  my  review  of  our  work  at 
Michigan  State,  I  have  described  the  following  "other"  kinds  of 
changes  :< 

1.  Chances  in  students'  explanatory  tendencies,  preferences,  and 
ideals . 

2.  Changes  in  students'  reasoning  concerning  conservation  of 
matter. 

3.  Changes  in  students'  goals  and  strategies  for  addressing 
instructional  tasks. 

Conceptual  Ecologies:  Toward  a  Synther-is 

The  idea  that  conceptions  are  .lot  the  only  things  that  need  to 

change  in  conceptual  change  learning  is  not  new.  Oth'^ir  researchers  have 

described  features  that  distinguish  expert  from  novice  knowledge  (e.g., 

Vicnnot,  1983).  A  very  useful  general  formulation  of  this  argument  is 

the  notion  of  the  "conceptual  ecology"  in  which  a  conception  exists  or 

must  come  to  ey.ist.  This  idea  is  based  on  the  work  of  Toulmin  (1972) 
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and  has  been  elaborated  by  Posner.  Strike,  Gertzog  and  Hewson  (1982), 
Hewson  (1981).  and  Strike  an^  Posner  (1985).  In  this  section  I  will 
consider  how  the  kinds  of  changes  I  have  described  relate  to  Strike  and 
Posner' s  (SP)  formulation  of  the  features  of  an  conceptual  ecology 
(Figure  2). 

Conservation  of  Hatter.  This  principle  might  be  considered  a 
"metaphysical  concept  of  science"  in  the  SP  formulation.  However,  in 
modern  science  it  i?  not  a  universal  principle  since  matter  is  not 
conserved  in  nuclear  changes.  If  it  is  not  included  as  a  metaphysical 
concept,  there  seems  to  be  no  place  for  it  except  "Other  knowledge." 
Perhaps  there  should  be  a  category,   'Related  knowledge  or  conceptions.' 
The  SP  formulation  has  no  category  which  recogni-ies  the  role  that  other 
knowledge  within  a  field  plays  in  determining  the  status  of  a  given 
conception.     "Gerneral  principles'  might  be  a  subheading  ,  providing  a 
place  for  principles  like  conservation  of  matter. 

Explanntorv  tendencies  nnd  preferences.  This  aspect  has  an  oLvious 
place  in  the  framework,  "Explanatory  ideals."  However,   I  suggest  that 
the  label  be  expanded  to  include  tendencies  and  preferences  reflect 
the  less  consistent  nature  of  students'  naive  explanations.  That  is, 
the  development  of  explanatory  ideals  is  itself  a  change  from  core 
naive  patterns  of  explanation. 

Goals  and  strategies  for  ^ddrespjnp  srhool  tasks.  The  relation  of 
this  kind  of  change  to  a  conceptual  ecology  is  more  complex  than  that 
of  the  others.  I  think  that  it  is  more  appropriate  to  represent  the 
goals  and  strategies  as  related  to    (or  not  relate^:  to)  the  conceptual 
ecology  rather  than  as  a  part  of  it.  The  task  completion  goals  and 
strategies  (2  and  3  above)  have  little  relation  at  all  to  changes  in 
cone  .tions  or  conceptual  ecologies  (at  least  to  those  dealing  with  the 
phenomena  of  concern  in  science).    The  fact  3.eraorization  goal  and 
strategy  make  only  minimal  connection  with  the  conceptions  (which  for 
these  learners  are  almost  exclusively  naive,  experientially  based).  On 
the  other  hand,   the  senscmaking  goals  and  strategies  have  as  their 
focus  changes  in  the  conceptions  that  exist  within  the  conceptual 
ecology.  However,  there  may  be  ways  in  which  changes  in  these  foals  and 
strategies  are  related  to  aspects  of  the  conceptual  ecology, 
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Figure  2 

Features  of  a  Conceptual  Ecology 
(Fxoa  Strike  &  Posner^  1985) 


1.  AnomaHcs.  character  of  llic  specific  failures  of  a  given  ,dea  are  an 
important  part  oX  the  ecology  which  selects  its  successor. 

2.  Analogies  an-imetaphnrs.  Tlicsc  can  serve  lo  suggest  new  ideas  and  to 
make  them  understandable. 

3.  Exemplars  jnd  I'maircs.  Prototypical  examples,  thought  experiments, 
imagined  or  artiiicully  simulated  objects,  and  processes  all  rHuence  a  per- 
son's intuitive  sense  of  what  i*  rea^oiuble. 

4.  Past  experience.  Conceptions  which  appear  to  contradi'tt  one's  pait 
experience  are  unlikely  to  be  .iccepted. 

5.  Epi^temolojL^ical  commitments. 

a.  Explanatonj  ideals.  Most  fields  have  some  subject  matter  specific 
views  coneernirig  what  counts  as  a  succcwlul  explanation  in  the  field. 

b,  General  oictvs  about  the  character  of  knowledge  Some  jtand.ircis  for 
successful  knowledge  such  as  elegance,  uconorny.  parsimony,  jnd  not  being 
excessively  ad  hoc  seem  subject  matter  neutral. 

6.  Mctaphvsic.il  heliufs  .md  concents. 

a.  Metaphysical  bclivfi  about  science.  Beliefs  concerning  the  extent  of 
orderliness  wminetn-.  or  noiirandoinness  of  the  univerje  are  often  iinpor. 
tant  in  icr-ntific  work  jud  can  result  m  epistemological  vie-.vs  which,  in  turn, 
can  ielect  or  reject  particul.ir  kinds  of  explanations.  Beliefs  .ihoiit  the  rela- 
tioiis  between  science  and  l  ommonplace  experience  arc  also  important  here. 

b.  Metaphysical  concepts  of  science.  Particular  scientific  conceptions 
often  have  a  inctaphyMcal  .pialily  in  that  they  .ire  beliefs  alhiht  the  ultiniale 
nature  ,)f  the  universe  and  are  immune  from  direct  empirical  rctiitatioii  A 
belie!  in  absolute  space  or  tune  is  an  example. 

7.  Other  kniiwii'dcc. 

a.  Kuowlcdtic  in  ulUvr  ficUls:  New  ide.is  inii5t  he  uimp.itible  w,th  other 
thmgs  people  believe  to  he  true. 

I).  Compclv.^  contcptumi:  One  condition  for  the  selection  oi  .i  new 
coiiceptu/n  li  that  it  should  .ippe.ir  to  have  more  promise  tli.iii  its  coinn.-ti. 
tors.  * 


particularly  in  epistensological  commitments  and  metaphysical  beliefs 
about  science  as  illustrated  in  Table  2. 


Table  2 

Epistemological  and  Metaphysical  Beliefs  Associated  with 
Alternative  Strategies  and  Goals 

•  Type  of  Goal  and  Strategy  

T«,«,..«  ,   Sensemaking 

i^^"^  E  completion     Integrative  e£occrvtrlc__ concept  chance 

Awareness  of         Not  awSre  o£    N'ot  aware  of  Awar^  ok  Awl°e'of  ^ 

iLnT  "^^^^"^         science       having  rele-      having  rele-      having  rele- 
^opic  vaut  ideas         vant  ideas         vant  ideas 

e^f^^^??*^^^*'^^"         ^y^"  °^  My  facts  are  Essentially  hay  conflict 

?5         ^"^  science  right  or  the  sarae 

own  ideas                      topic  wrong 

knowledpe""!*;  ^dd  facts  Add  ideas  and    Change  and  add 

acquire!                      ^  ^^^^^  details  ideal,  det.ails 


Applicability        Science  has      Facts  have         Science  ideas  Science  ideas 
of  science                     to  do    little  to  do        apply  to  the      apply  to  the 
ideas              with  the  real  with  the  real        ?cal  world        real  world 
 vorld  World  


I  have  not  attempted  a  comprehensive  analysis  of  what  other  than 
conceptions  must  change  in  conceptual  change  learning.  Rather,  I  have 
examined  three  specific  examples  that  have  arisen  in  our  research  on 
specific  conceptions.  Hopefully,  ray  formulation  of  the  issue  and 
discussion  of  implications  for  the  general  notion  of  a  conceptual 
ecology  will  stimulate  further  efforts  along  these  lines  These 
examples  of  other  kinds  of  changes  also  raise  psychological, 
curricular.  and  Instructional  issues.  I  jddi'ess  these,  at  loast 
implicitly,  in  the  last  section  of  the  paper. 

"Other**  Kinds  of  Changes  as  Curricular  Goals 

It  appears  that  for  students  who  approach  instructional  tasks  with 
the  kinds  of  non-sensemaking  goals  and  strategies  described  by  Roth, 
changes  in  the  third  category  are  prerequisite  to  changes  in  the  first 
two  as  well  as  to  changes  in  specific  conceptions  that  might  be 
addressed  by  instruction.     No  claim  was  made  Chat  the  changes  in 
student  goals  and  strategies  in  the  Roth  study  were  permanent  or 
general.     Rather,  students  had  sufficient  support  through  the  tasks  and 
information  in  the  text  to  enable  them  to  adopt  a  conceptual  change 
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sense  making  approach.    Even  this  liniced  change,  however,  raises 
important  issues.    Could  sustained  instruction  bring  about  a  more 
permanent  and  genera**  change  in  students*  approach  to  instructional 
tasks?    Can  students  be  taught  to  use  a  conceptual  change  sense  making 
approach  to  learning  using  conventional  textbooks? 

Over  the  past  year,  1  have  been  collaborating  with  a  reading 
researcher  in  pilot  work  to  examine  these  Issues  (Dole  &  Smith,  19S6) . 
To  date  we  have  only  developmental  work  to  report  and  little  in  the  way 
of  empirical  evidence  tnat  our  approach  will  succeed.     However,  a 
description  of  this  approach  is  a  way  of  illustrating  the  kind  of 
support  we  believe  students  ,^111  probably  need  in  making  such  changes. 

Our  pilot  work  has  been  informed  by  perspectives  from  social 
psychology  (e.g..  Wertsch.  1985).  From  ^his  perspective,  complex  tasks 
are  initially  performed  cooperatively  by  the  teacher  and  students  with 
control  gradually  being  shifted  to  the  .students  over  tine.  Modeling, 
guided  practice  with  feedback  and  other  forms  of  **scaf fulding"  are 
Important  in  students*  early  performance.    This  approach  is  Illustrated 
in  the  work  of  Falincsar  and  Brown  (1984)  in  the  teaching  of  reading 
comprehension.     Anderson  (1^87)  has  recently  discussed  its  potential 
contributions  to  science  education.     Collins.  Srown.  and  Ne%raan  (in 
press)  have  formulated  a  "^ers^ion  of  this  work  in  what  they  term 
''cognitive  apprenticeship." 

In  addition  to  the  use  of  modeling  and  guided  practice  with 
feedback,  our  approach  includes  three  elements  to  support  students  in 
conceptual  change  sensemaklng:     1)  the  establishment  of  an 
instructional  task  structure  that  is  conducive  to  sensemaking.  2) 
explicit  introduction  of  a  strategy  for  use  in  reading,  and  3)  explicit 
instLuction  on  aspects  of  student  knowledge  of  themselves  as  knowers 
and  learners  and  of  textbooks  (metacognitlve  knowledge). 

Establishinr.  an  tnstructit^nl  tnsk  stmcturo  conducive  to 
sensemakinr>.  A  central  influence  on  students*  approach  to  learning  is 
the  nature  of  the  tasks  established  in  instruction.  Oul  approach 
involves  building  a  unit    oround  a  small  number  of  contr.Tl  questions . 
posed  in  everyday  language  and  requiring  explanations  of  familiar 
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phenomena.  Such  questions  help  establish  a  meaningful  purpose  for  study 
of  the  unit  and  a  framework  for  selecting  rnd  organizing  information, 
ror  example,  our  pilot  work  with  the  topic  of  cells  was  organized 
around  the  questions: 

What  are  living  things  aodc  of? 

How  do  living  things  grow? 

What  happens  to  the  food  we  eat? 
Tasks  that  required  students  to  construct  representations  (\erbal  or 
written  summaries,  concept  maps,  etc.)  of  ideas  encountered  in  the  text 
or  to  explain  specific  phenomena  were  assigned  in  each  lesson. 
Finally.  A  synthesizing  task  was  used  at  the  conclusion  of  the  unit, 
requiring  students  to  pull  together  infon^ation  from  the  unit  and  their 
own  ideas  to  construct  answers  to  the  central  questions.  In  our  pilot 
work  this  involved  students  work*      in  groups  to  construct  posters  with 
verbal  and  pictorial  information.  Alternatives  might  include 
constructing  a  concept  map  representation  or  a  section  to  be  included 
in  a  class  science  book. 

The  kind  of  task  structure  illustrated  here  is  essentially  an 
invitation  to  approach  the  reading  and  related  tasks  as  a  sensemaking 
activity.  However,  at  the  outset,     only  a  portion  of  the  students 
appear  able  to  approach  the  tasks  in  this  way.  The  other  elements  in 
our  approach  are  designed  to  help  the  majority  do  so. 

Cognitive  strategies.  One  of  the  key  findings  in  the  Roth  study  was 
that  some  of  the  student:;,  usually  those  reading  above  grade  level, 
made  sense  of  what  they  wpre  r'»i4ding  by  interpreting  it  in  terms  of 
their  own  prior  ideas,  leading  to  misinterpretations  and  selective 
atten^ilon.  To  help  overcome  this  egocentric  sensemaklng.  we  devised  a 
strategy  for  use  during  reading.  This  sttategy  Involved  students 
monitoring  their  own  and  text  ideas  relevant  to  questions  explicitly  or 
implicitly  addressed  in  the  text.  We  explored  various  forms  of  such  a 
strategy  including  the  use  of  a  think  sheet  on  which  students  could 
write  a  question,   their  own  initial  ld£as.  text  ideas,  and  the  naln 
idea  that  they  ended  up  with. 
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MgtWgnfrlvfi  lenpwlr^gsi.  Through  discussion,  teacher  presentations,  and 
examples  encountered,  we  attempted  to  develop  student  awareness  of  the 
following  ideas  about  themselves  and  the  textbook: 

?SpIc^JPsSd5^''^  ^"^^^^  °^  '^^^^         relevant  to  the 
Sthor^if.^hnext"^''  presented  by  the 

The  text  may  not  always  provide  answers  to  their 
questions,  nay  be  unclear,  or  may  contain  errors. 

5umm2£2t,  Instruction  along  the  lines  just  described  addresses 
several  kinds  of  goals  including  changes  in  students'  goals  and 
strategies  for  performing  instructional  tasks  as  well  as  more  specific 
conceptual  learnirg.  As  implied  in  this  description,  for  such  learning 
to  occur,  it  must  be  experienced  in  the  ongoing  life  of  the  classroom 
Initially  students  will  need  considerable  support  .  Over  time,  the 
level  of  support  needed  should  decrease.  How  far  thit  might  go  for  most 
students  is  one  of  many  issues  that  need  to  be  addressed  by  futur** 
research  and  development  efforts.  However,  the  prospect  that  such 
changes  might  be  accomplished  for  most  students  in  science  classrooms 
is  an  exciting  propsect. 

Explanatory  Tendencies  and  Preferences 

The  central  questions  and  associated  task  structure  described  above 
places  a  heavy  emphasis  on  explanation.    The  frequent  occurence  of 
student  explanations  provides  opportunity  to  address  their  improvement 
as  a  curricular  goal.  We  found  in  tour  pilot  work  L.^at  the  limitations 
of  the  empirical  circularity  type  of  explanation  became  apparent  to 
many  students  as  soon  as  they  were  pointed  out. 

While  taking  class  time  to  deal  with  the  nature  of  explanations  and 
the  relative  advantages  and  disadvantages  of  naive  versus  more 
scientific  conceptions  will  probably  be  viewed  by  many  as  taking  time 
away  from  learning  science  content  per  se,  Hesse's  study  suggests  that 
in  some  cases  at  least  there  may  be  no  alternative.     If  students  are  to 
develop  a  preference  for  explanations  jsing  chemical  theory  over  a 
distanced  a.mlogy  with  some  familiar  phenomenon,  they  will  need 
experience  in  which  they  develop  a  scientific  explanation  that  thry 
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find  both  intelligible  and  plausible.    Furthermore,  they  will  probably 

need  to  come  to  understand  some  of  the  limitations  in  the  distanced 

analogy  as  an  explanation.    To  accomplish  these  conditions, 

considerably  more  emphasis  will  need  to  be  placed  on  the  development 

and  discussion  of  student  explanations  of  particular  phenomenon.  For 

example,  the  burning  of  a  piece  of  wood  could  serve  as  a  prototypic 

chemical  change  and  serve  as  the  focus  for  extendccl  consideration.  In 

conventional  instruction,  many  students  never  really  develop  a  very 

good  chemical  explanation  of  such  a  phenomenon.    Thus,  it  can  hardly 

offer  an  attractive  alternative  to  an  analogy  such  as,  "its  shriveling 

up.  like  growing  old".    Consider  the  following  hypothetical  teacher 

responses  that  might  follow  such  an  explanation:. 

Teacher:    Your  explanation  compared  burning  to  another  phenomenon 
a  person  growing  old.    You  pointid  out  that  in  both  ' 
cases,  the  something  "shriveled  up."    Is  burning  like 
growing  old  in  any  other  sense?  uutniug  hkc 

Teacher;    We  could  observe  that  the  wood  shriveled  up.    Does  the 
comparison  wirh  growing  old  add  anything  to  what  we 

tlll^ul  Sh5^^^^    Does  that  comparison  So  anyShing%o 
tell  us  wJut  Che  wood  shrivels  up  or  turns  black  / 

A  good  scientific  explanation  should  go  beyond  what  vou 
can  already  observe  In  a  phenomenon.  Scientists  trv^?o 
f^^'^l^V^^^P^^^^tions  that'^explain  why  something  ha^eS? 
in  addition  to  describing  what  happens.  §uch  1  "^^P^"^ 
fhiV^ffl°''  ^?^P  students  to  become  dissatisfied  with 
^vifo^^?^  explanation  and  more  willing  to  consider 
explanations  based  on  scientific  theory. 

The  development  of  explanations  for  prototypic  phenomena  can  also 
provide  a  context  for  meaningful  ititroduction  of  the  issue  of 
conservation  of  matter.    The  discussion  of  burning,  for  example,  can 
lead  to  a  line  of  questioning  dealing  with  the  materials  that  are 
involved  in  the  phenomena  and  the  materials  that  arc  left.    At  some 
point,  the  question  can  be  raised  as  to  whether  or  not  the  materials 
Chat  are  left  weigh  the  same  or  more  or  less  th^n  the  materials  that 
were  there  originally. 

In  sumitary.  in  the  context  of  tasks  requiring  the  construction  of 
explanations  of  phenomena,  teachers  can  model  and  help  students  engage 
in  a  process  in  which  they  attempt  to  relate  ideas  from  the  text  to 
phenomena  in  the  real  world  and  to  their  own  ideas      The  nature  of  good 
explanations  and  the  application  of  principles  such  as  the  conservation 
of  ratter  can  be  addressed  in  this  context  in  a  meaningful  way. 
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Much  reaains  to  be  done  in  furthering  our  understanding  of 
conceptual  change  sense -making,  the  development  of  student  explanatory 
tendencies,  preferences  and  ideals,  and  in  the  development  of  student 
reasoning  about  principles  such  as  the  conservation  of  matter. 
Further,  it  remains  to  be  seen  how  helpful  our  particular  approach  will 
be  in  bringing  about  changes  in  these  areas.     I  hope,  however,  that 
this  description  of  our  preliminary  developmental  efforts  will  lead 
others  to  think  construct iv*,ly  about  these  and  other  changes  that  n^y 
be  important  in  conceptual  change  learri.ng. 
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THE  METAPHOR  INTERVIEW  AND  THE  ANALYSES  OF  CONCEPTUA;.  CHANGE 
Gloria  Snlvely,  University  of  Victoria  (British  Columbia) 

Studies  of  children's  conceptions  have  a  long  history, 

mostly  In  clinical  settings.    One  of  the  earliest  systematic 

attempts  to  examine  children's  conceptions  of  the  physical 

world  was  carried  out  by  Plaget  (1929,  1930),    Over  the 

years  a  variety  of  research  methods  has  been  developed  to 

probe  the  meanings  children  have  for  the  words  they  use  In 

explaining  things  that  happen  :n  the  world.    Tliey  Include 

both  clinical  Interviews  which  focus  on  specific  aspects  or 

problems  (Nussbaum  &  Novak,  1982;  Osborne  &  Gilbert,  1980) 

and  more  general  Interviews  which  probe  what  n  person  knowc 

about  a  topic  (White  and  Gimstone,  1980).    Once  obtained, 

the  Information  could  be  represented  In  a  suitable  format, 

such  as  a  semantic  network  or  grid,  which  was  seen  to 

represent  the  child's  cognitive  structure  (Posner  and 

Gertzog;  1979).    Driver  and  Erlckson  (1978);  and  Erickson 

(198A)  have  analyzed  the  similarities  and  differences  In 

these  studies  and  established  that  there  Ic  much  commonality 

In  terms  of  the  research  methods  developed. 

Typically,  researchers  In  s'-lence  education  have 

addressed  the  notion  of  constructed  meaning  by  an/^lyzlng 

students*  cognitive  beliefs  about  a  narrow  set  of  concepts 

or  topic  area.    Scant  and  Insufficient  attention  has  been 

given  to  the  values  that  underly  children's  thinking  about 

the  world.    Researchers  try  to  distinguish  between  cognitive 

and  affective  domains,  but  In  fact,  they  can  not  be 

separated.    One  way  of  attempting  to  capture  some  of  the 
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complex  Interplay  between  cognition  and  affect  Is  by  the 
construct  of  an  orientation.    In  this  study,  an  orientation 
means  a  tendency  for  nc.  individual  to  understand  and 
experience  the  world  through  an  Interpretive  framework, 
embodying  a  cohcient  set  of  beliefs  and  values.  These 
orientations  are  thought  to  be  deeply  rooted  aspects  of  our 
conceptual  system  and  not  easily  accessible  with  normal 
probing  techniques  such  as  pencil  and  paper  tests  or  even 
conventional  Interview  techniques.    One  of  the  ways  of 
understanding  the*"*  broad  Intellectual  commitments  Is  to 
look  more  carefully  at  the  nature  of  metaphorical  thinking 
In  children. 

This  paper  makes  no  attempt  to  thoroughly  review  the 
advantages  and  disadvantages  of  the  various  research 
methods,  but  rather  describes  the  metaphor  Interview  In 
det:all  to  reveal  Its  subsummed  techniques  and  its  richness 
In  Illuminating  the  complexities  of  a  child's  belief  systen. 
The  research  itself  Is  part  of  a  larger  study  In  the  general 
area  of  research  on  chlldrens*  thinking,  which  supports  the 
view  that  chlldrens'  prior  beliefs  and  values  need  to  be 
taken  seriously  and  Incorporated  Into  the  Instructional 
setting  (Snlvely,  1983,  1986).    The  first  section  provides  a 
brief  overview  of  the  larger  study,  the  purpose  of 
Instruction,  the  case  setting,  and  the  findings.    The  second 
se'^'-lon  reviews  the  metaphor  Interview  as  developed  by  Beck 
(1978,  1981),  and  outlines  the  four  metaphor  Interviews 
constructed  for  the  analysis  of  the  students'  orientations 
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and  beliefs.    Last,  the  Implications  of  the  metaphor 
Interview  for  educational  research  and  Instruction  are 
discussed »  as  veil  as  Issues  that  this  work  leaves 
unanswered  and  possibilities  for  future  research. 

Brief  Overview  of  the  Study 
The  purpose  of  tlie  larger  study  was  to  explore  tlie 
relationships  between  the  students'  orientations  towards  the 
seashore*  their  beliefs  about  specific  ecological 
relationships,      ^  their  experiences  during  science 
Instruction.    The  study  Involved  the  collection  and 
analysis,  by  metaphor  and  literal  Interviews,  of  students' 
orientations  and  beliefs  before  and  after  Instruction.  By 
looking  for  patterns  In  the  students*  »  sponses,  six 
different  orientations  were  Identified  (scientific, 
aesthetic,  utilitarian,  splrltuaJ ,  recreational,  and  Iiealth 
and  safety),  as  well  as  a  diversity  of  beliefs  ahout 
specific  seashore  relationships  (tidal  cycle,  habitat, 
predator-prey,  food  chain,  community,  pollution, 
conservation,  etc).    In  addition,  observations  were  made 
during  classroom  Instruction  and  Interviews  were  conducted 
with  selected  Individuals  In  the  school  and  the  community  to 
aid  In  the  analysis  of  the  students*  orientations  and 
beliefs. 

The  participants  consisted  of  a  class  of  grade  6 
students  In  a  small  coastal  town  In  British  Columbia,  wlilcli 
will  be  given  tlie  pseudonmy  "Salmon  Cove'*.    A  native  Indian 
community  Is  located  at  one  end  of  the  cove  and  a  community 
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largely  of  European  extraction  Is  locatv7d  at  tlie  other  end 
of  the  cove.    Commercial  fishing  Is  the  main  source  of 
Income  for  both  Native  and  non-Native  families.    It  was 
expected  that  the  presence  of  both  native  and  non-native 
students  In  the  study  would  result  In  tlie  presentation  of  a 
wide  range  of  oilentatlons  towards  the  seashore,  and  a 
diversity  of  beliefs  about  specific  seashore  relationships. 
The  main  criterion  used  In  the  selection  of  a  grade  6  class 
was  the  ability  of  students  at  that  age  level  to  express 
their  ideas  In  metaphor  Interviews.    Within  the  class,  six 
target  students  were  selected  for  Intensive  study:  tlie 
student  with  a  preferred  scientific  orientation  (Dan),  i> 
preferred  utilitarian  orientation  (Jimmy),  a  preferred 
aesthetic  orientation  (Mary),  a  preferred  spiritual 
orientation  (Luke),  a  preferred  recreational  orientation 
(Anna),  and  a  student  with  no  preferred  orientation 
(Sharon) . 

The  prim.Try  focus  of  Instruction  was  to  Introduce  a 
basic  set  of  -ecological  concepts  focused  around  seashore 
relationships.    In  order  to  incre-^se  a  stud'jnLs'  knowledge 
of  beach  ecology,  the  teacher  attempted  to  use  instructional 
metaphors  -J^^lch  were  sensitive  to  the  student's  preferred 
orientation  identified  prior  to  instruction.    A  second 
purpose  of  instruction  was  to  enhance  the  student's  ability 
to  view  the  seashore  from  a  variety  of  orientations. 

Results  of  the  pre-lnstructionr.l  interviews  showed  that 
while  all  of  the  students  used  several  orientations  to 
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describe  the  seashore,  some  students  used  one  orientation 
predominantly.    Only  a  few  students  held  beliefs  which  were 
quite  similar  to  accepted  science  ideas;  most  students  held 
beliefs  which  were  quite  different.     For  most  students, 
there  was  a  reasonably  strong  relationship  between  their 
orientations  and  the  nature  of  their  beliefs  about  specific 
seashore  relationships. 

Results  of  the  post-instructional  interviews  show  that 
for  fill  of  the  students  there  was  an  Increase  in  knowledge 
about  basic  seashore  relationships,  and  a  decrease  of 
beliefs  inconsistent  with  accepted  science  ideas.  This 
increased  knowledge  was  accompanied  in  most  students  by  a 
willingness  to  use  a  scientific  orientation  more  frequently. 
This  new  knowledge  appeared  to  be  relatively  stable  six 
months  after  instruction,  implying  that  it  was  firmly 
integrated  Into  the  students'  cognitive  system.    The  fact 
that  many  students  still  used  orientations  which  they 
possessed  prior  to  instruction,    nd  that  for  some  students 
these  orientations  were  more  elaborated,  provides  evidence 
that  they  were  willing  and  able  to  view  tlie  seashore  from  a 
variety  of  orientations. 

The  Use  of  Metapor  to  Uncover  Meaning 
For  several  years  Beck  (1978,  1981)  has  been  exploring 
the  use  of  metaphor  as  an  indicator  of  cultural  values  in  an 
anthropological  setting.    She  developed  a  metaphor  interview 
technique  w..ich  could  be  used  to  identify  the  conceptual 
frameworks  of  a  culture.    However,  Beck  emphasized  the 


ERIC  or 


S58 


values  of  people  towards  family  relationships  and  the 
concept  of  ethnicity,  for  example,  paying  less  attention  to 
the  implications  of  values  for  specific  beliefs  and 
practices.    The  larger  study  attempted  to  establish  how  the 
students'  beliefs  and  values  were  related. 

From  May  1980  to  October  1981,  a  series  of  five  .ma.i 
pilot  studies  were  conducted  to  sharpen  the  research 
questions  and  develop  a  research  method.    The  problem  was 
not  one  of  extending  or  adapting  j=ome  existing  metaphor 
interview,  but  of  developing  a  unique  set  of  metaphor 
questions  in  which  the  analysis  of  the  students' 
orientations  was  the  central  purpose. 
The  Metaphor  Formats 

In  attempting  to  develop  and  use  metaphor  interviews, 
three  problems  were  encountered:     the  interviews  nad  to  be 
designed  to  1)  explore  the  students'  orientations  towards 
the  seashore,  2)  explore  the  students'  beliefs  about 
specific  seashore  relationships,  and  3)  be  appropriate  to 
the  language  development  of  voung  children.     In  developing 
the  metaphor  interviews  the  basic  interview  techniques 
described  hy  Be^k  (1978;  1981)  were  followed,  but  ideas  from 
Lakoff  and  Johnson  (1980)  about  metaphorical  systematicity 
were  incorporated  to  construct  the  interview  questions. 
Following  Lakoff  and  Johnson,  the  very  systematicity  which 
allowed  the  students  to  comprehend  one  aspect  of  a  concept 
In  terms  of  another  will  necessarily  hide  other  aspects  of 
Che  concept.     For  example,  in  the  "Seashore  is  a  playground" 


setaphor,  the  students  were  encouraged  to  focus  on  some 
aspects  of  the  recreational  aspects  of  the  seashore  concept, 
and  encouraged  not  to  focus  on  aspects  of  the  other 
orientations  of  the  seashore.    The  Interview  questions  were 
designed  to  highlight  and  hide  a  range  of  orientations 
towards  the  seashore:    e.g.,  the  Image  "painting"  was 
selected  to  highlight  an  aesthetic  orientation,  a  "town"  to 
highlight  a  scientific  orientation,  a  "church"  to  highlight 
a  spiritual  orientation,  a  "playground"  to  highlight  a 
recreational  orientation,  and  a  "pin  cushion"  to  highlight  a 
health  and  safety  orientation.    For  example,  the  first  type 
of  Interview  asked  each  respondent  to  explore  the  following 
question: 

If  the  seashore  were  one  or  more  of  the 
following,  which  one  or  ones  would  It  be: 

factory  church 

painting  playground 

town  pin  cushion 

WHY? 

At  every  point  the  students  were  asked  to  explain  "WHY?" 
they  had  selected  a  particular  metaphor  over  others.  THE 
QUESTION  "WHY?"  WAS  ESSENTIAL,  as  this  procedure  generated 
the  most  Interesting  and  useful  Information.    Although  the 
actual  type  of  metaphor  chosen  was  noted,  and  for  some 
students  did  yield  some  Interesting  patterns,  the  "WHY?" 
query  was  the  key  to  the  technique's  success  since  It 
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Indicated  the  respondent's  reasoning  for  choosing  a 
particular  metaphor. 

The  metaphor  formats  contained  three  nddltlonal  types 
of  questions  that  depended  on  metaphorical  thinking.  Tl.e 
second  type  of  question  asked  each  respondent  to  explore 
fifteen  different  seashore  animals,  objects,  events  and 
conditions.    For  example: 

If  a  clam  were  one  or  more  of  the 
following,  which  one  or  ones  would  It  he: 
vacuum  cleaner  legend 
potlatch  necklace 
dance 

WHY? 

OR      If  the  sun  were  one  or  more  of  the 

following,  which  one  or  ones  would  It  be: 
jewel  factory 
furnace  lamp 
gift 

WHY? 

The  response  was  Intended  to  Indicate  the  student's 
reasoning  towards  selected  animals,  objects,  events  and 
conditions  at  the  seashore. 

The  third,  set  of  questions  asked  each  student  to 
explore  twelve  different  Imaginary  questions.    For  example 
If  you  were  a  bird,  would  you  be  a: 
raven         seagull  eagle 

vmY? 
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OR     If  you  were  a  boat,  would  you  a: 
sail  boat       ferry  boat       fishing  boat 

WHY? 

This  Interview  generated  some  of  the  most  Imaginative  and 
useful  material*    The  students  found  the  metaphor  questions 
In  th^s  Interview  the  easiest  to  elaborate*    They  appeared 
to  enjoy  discussing  their  metaphor  choices,  possibly  because 
of  the  single  met^iphor  construction »  and  because  the 
questions  resembled  the  children's  pJay  at  the  seashore 
wher*ln  they  "become**  a  bird,  or  a  fish,  or  a  boat. 

The  fourth  set  of  questions  asked  each  respondent  to 
explore  nine  metaphoric  dyads.    Each  dyad  contained  two 
types  of  questions  that  depended  on  metaphoric  thinking. 
The  metaphors  were  chosen  to  represent  contrasting 
relationships:    story  teller  Is  to  a  story,  or  character  Is 
to  a  story,  or  listener  Is  to  a  story.    The  respondents  were 
asked  to  decide  which  of  the  three  pre-selectcd  Images  was 
best  suited  to  symbolize  his  or  her  owr>  relationship  to  the 
seashore*    For  example: 

I  am  to  tlie  seashore,  as  a 

-  story  teller  Is  to  a  story     -  character  Is  to  a  story 

-  listener  Is  to  a  story 

WHY? 

In  addltlont  the  students  were  asked  to  Indicate 
directionality.    If  the  students'  relationship  to  the 
seashore  was  like  a  story  teller  to  a  story,  which  element 
of  the  dyad  would  the  respondents  call  the  story  teller  and 
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which  the  story,  and  WHY?    Some  students  found  the  metaphor 
questions  in  this  interview  to  be  difficult  to  think  with, 
possibly  because  of  the  double  metaphor.    Nonetheless,  all 
of  the  students  gave  some  explanation  for  their  choices. 
See  Erlckson  (1983)  for  the  complete  set  of  metaphor 
questions* 

During  the  interviews  the  students  were  asked  to  select 
the  best  metaphors  from  amongst  a  range  suggested.    Since  it 
is  difficult  to  keep  r^veral  Images  in  mind  at  once,  the 
options  provided  were  written  on  three-by-five-inch  white 
cards.    In  some  of  the  interviews  involving  seashore  animals 
a  pictorial  black-and-white  line-print  was  provided  ou  the 
card.    When  possible,  the  native  Indian  word  for  the  animal, 
object  or  event  was  printed  inside  parentheses  beside  the 
English  word.    The  students*  full  vrrbal  responses  were 
recorded  on  audiotape. 

Since  metaphors  are  often  sophisticated,  it  could  be 
argued  that  children  would  have  great  difficulty  in  using 
language  metaphors  when  interviewed,  especially  children  of 
different  cultural  backgrounds.    In  the  present  study, 
however,  all  the  metaphors  were  formed  from  conmion  nouns, 
and  the  Imagery  was  not  difficult  for  elementary  students  to 
grasp*    Most  of  the  imagery  waa  taken  from  a  range  of 
familiar  household  or  community  objects:    e.g.,  painting, 
blcyclei  pin  cushion,  jewel,  curtain,  door,  house.    A  few 
''atypical**  metaphors  were  added  to  probe  for  variations  in 
metaphor  style:    e.g*,  spaceship,  robot,  submarine. 
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simple  metaphors  frequently  become  Imbedded  In  sea  lore 
and  everyday  conversation — "cranky  as  a  crab,"  "crusty  as  a 
barnacle,"  "smells  fishy,"  "clam-up,"  "  :.lp-off."  This 
kind  of  trite  expression  was  avoided.    Following  Beck 
(1978),  the  interest  in  choosing  netaphors  for  use  in  an 
interview  was  in  stimulating  the  respondents  to  project 
"dcep-set"  concepts  onto  exterior  forms  in  an  imaginative 
way. 

Also,  by  talking  to  various  students  and  native  elders 
in  Salmon  Cove,  and  by  exploring  the  community  and  noting 
its  special  features,  metaphor  questions  coi*ld  be 
constructed  which  were  grounded  in  the  physical  and  cultural 
backgrounds  of  students  living  in  a  small  native  Indian  and 
non-native  coastal  community  in  British  Columbia,  For 
example,  the  metaphors  "pot-luck  dinner"  and  "potlatch"  were 
seen  to  be  better  utilitarian  metaphors  than  the  metaphors 
••dinner"  or  "supper"  or  "feast."    The  metaphor  "cannery"  was 
«een  to  be  a  better  utilitarian  metaphor  than  "factory," 
since  a  fish  cannery  was  an  integral  port  of  everyday  life 
in  Salmon  Cove.    The  metaphors  "totem  pole"  and  "legend" 
Were  viewed  as  appropriate  spiritual  metaphor^!,  and  the 
metaphors  "blackberry  bush"  and  'pin  cushion"  were  viewed  as 
appropriate  health    and  safety  metaphors,  and  so  on. 

Also,  during  the  pilot  study  interviews,  students  were 
asked  to  generate  their  own  metaphors  for  the  seashore.  One 
might  think  that  imagery  generated  by  the  students  would  be 
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more  revealing  than  t.iose  generated  by  the  researcher.  But 

this  advantage  was  counterbalanced  by  the  difficulty  most 

students  had  thinking  up  metaphors  for  tliemsel ves.  Most 

students  could  not  give  a  metaphor,  or  gave  partial 

explanations  which  could  not  be  categorized  into 

orientations.    Even  after  completing  the  interviews  and  with 

coaching,  most  students  gave  back  metaphors  that  had  already 

been  used  during  the  interviews. 

Finally,  after  selected  interview  sets,  each  student 

was  asked  to  choose  the  metaphor  response  which  best 

described  how  he  or  she  viewed  the  seashore.    It  was  hoped 

that  by  comparing  the  students*  preferred  responses  (their 

first,  second,  and  third  choice  responses),  and  by  noting 

their  own  metaphors  for  the  seashore,  that  a  distinction 

could  be  made  between  the  students*  preferred  orientations 

prior  to  instruction,  and  the  effecc  of  instruction  on  the 

students*  preferred  orientations  after  instruction. 

Identifying  The  Students'  Orientations 

The  following  illustrpCPi,  a  typical  ^^tudent  response 

within  each  of  the  six  orientations: 

Utilitarian  Scientific 
The  seashore  is  a  lac'.ory.  The  seashore  is  a  town. 

It*s  got  crabs,  fish  for  All  the  animals  that  live 

canning.  at  the  seashore.  They 

Jimny  all  grow  up  there.  The 

rocks  being  for  the 
animals  to  hide  under. 

Dan 
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Aesthetic 

The  seashore  Is  a  painting. 
It  just  looks  like  a  painting 
an  artist  would  paint. 

Mary 


Recreational 

The  seashore  Is  a  playground. 
You  don*t  have  to  work.  Do 
what  you  want.    Could  be  a  lot 
of  fun;  looking  for  animals ^ 
crabs,  finding  shells.  It's 
peaceful. 

Mary 

A  certain  consistency  In  the  reasons  students  gave 
could  be  seen  to  persist  across  their  particular  choices  of 
metaphor.    For  example,  "The  seashore  Is  a  painting" 
metaphor  frequently  resulted  In  an  aesthetic  response.  "The 
seaahore  Is  a  factory"  metaphor  frequently  resulted  In  a 
utilitarian  response.    "The  seaahore  Is  a  pin  cushion" 
metaphor  usually  elicited  a  health  and  safety  response.  On 
the  other  extreme,  a  certain  consistency  In  the  orientations 
students  preferred  could  be  seen  to  persist  across  their 
choices  of  metaphor.    For  example,  the  students  with  a 
preferred  aesthetic  orientation  tended  to  stress  the 
aesthetic  aspects  of  the  seashore  regardless  of  the  type  of 
metaphor  Image  selected.    Notice  how  three  different 
student',  stressed  different  orientations  for  the  metaphor, 
"The  seashore  Is  a  gift": 


Spiritual 

The  seashore  Is  a  legend. 
There's  a  legend  about 
this  man  who  became  wild 
and  he  could  do  things 
that  animals  could  do,.. 

Luke 

HeaJth  and  Safety 
There  s  the  barnacles  and 
the  sea  urchins  that 
could  poke  If  you  were  to 
fall  on  them. 

Jimmy 
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Sclenflflc  Aesthetic  Recreational 

The  seashore  it  a        The  seashore  Is  a  The  seashore  Is  a 

gift.    Because  of        gift.    We  can  enjoy  gift.  Because 

the  many  things  the  water.    The  way  children  can  play  on 

that  live  there.  it  looks  pretty.  it,  swim  In  the 

Mary  water,  and  throw 


Dan 


rocks. 

Jimmy 

Some  students,  more  than  others,  responded  to  a 

particular  metaphor  with  a  complex  concept  of  the  seashore. 

For  example.  In  a  single  response  notice  how  one  student 

stressed  a  range  of  orientations  for  the  gift  metaphor: 

It  was  given  to  us  to  use.    And  we  use  It! 
We're  supposed  to  use  It  properly.  It's 
like  a  special  gift  that  was  given  to  us 
to  use.    The  way  fishermen  use  It  for  fish. 
People  use  It  to  learn  about  the  animals. 
And  for  fun  too. 

Sharon 

Notice  the  obvious  utilitarian  aspects:     "We  use  It.  .  . 
The  way  the  fishermen  use  If  for  fish."    There  are 
recreational  aspects  as  well:    "And  for  fun  too."  Also, 
notlc*  the  scientific  or  Intellectual  aspects:    "People  use 
It  to  learn  about  the  animals."    Perhaps  there  Is  even  a 
concern  for  conservation:    "We're  supposed  to  use  It 
properly."    And  overall,  there  are  subtle  spiritual  or  moral 
aspects  that  may  not  be  Immediately  obvious:    "It  was  given 
to  us  to  use.    We're  supposed  to  use  It  properly.    It's  like 
a  special  gift  that  was  given  to  us  to  use."    Hence,  a 
student's  response  depends  upon  the  complexity  of  thought 
the  metaphor  stimulates  and  upon  other  characteristics  of 
the  students. 

The  metaphor  Interviews  worked  effectively  to  enable 
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the  Identification  of  the  different  orientations  used  by  the 
students.    While  all  of  the  students  exhibited  several 
orientations  when  describing  the  seashore,  some  students 
used  one  orientation  predominantly,  and  some  showed  a 
greater  mix  of  orientations.    Although  some  combinations  of 
orientations  would  appear  to  be  more  probable  than  others, 
the  d{  ta  suggest  that  any  combination  of  orientations  is 
possi. 

The  metaphor  "The  seashore  is  a  playground'*  used  in  the 
interviews*  illustrates  how  an  attempt  was  made  to 
comprehend  and  respresent  the  students*  orientations  to  the 
seashore,    Tl:c  focus  of  thinking  in  this  metaphor,  the 
"seashore,"  has  very  different  kinds  of  experiential  bases 
to  a  child  growing  up  in  a  large  urban  center  such  as 
Vancouver,  a  child  growing  up  in  an  isolated  coastal 
community  in  British  Columbia,  and  a  child  growing  up  on  a 
white  sandy  beach  in  the  South  Pacific.    Similarly,  the  word 
"playground"  has  very  different  kinds  of  experiential  hoses 
to  a  child  whose  only  space  for  recreation  Is  a  city  street, 
a  child  who  has  access  to  a  large  vacant  lot  or  an  adventure 
playground,  and  a  child  who  frequents  Disneyland.    It  is  not 
that  there  are  many  different  "playgrounds,"  rather,  the 
concept  of  playground  enters  the  child's  experience  in  many 
different  ways  and  so  gives  rise  to  many  different  metaphor 
responses. 

The  metaphor  interview  has  a  kind  of  ambiguity  in  the 
context  of  an  experience.    The  student  is  asked  to  compare 
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two  terms:    the  term  "seashore,"  of  which  something  is  being 

asserted,  and  the  term  "painting,"  used  metaphorically  to 

form  the  basis  of  the  comparison.    Words  have  a  range  of 

meanings,  some  may  have  new  or  original  meanings  while 

others  may  have  familiar  meanings.    The  force  of  the 

metaphor  depends  on  the  respondent's  uncertainty  as  he  or 

she  wavers  between  the  two  meanings.    The  students*  response 

should  be  viewed  as  the  meaning,  either  consciously  or 

unconsciously,  that  the  respondent  gives  to  the  metaphor. 

The  student's  ewerging  response  depends  on  the  complexity  of 

thought  the  metaphor  stimulates  and  upon  multiple 

characteristics  of  the  student's  thought. 

The  students'  interpretation  of  the  term  "playground" 

may  be  based  on  different  kinds  of  experiences,  as  shown  in 

the  responses  of  two  different  students: 

The  seashore  is  a  playground.    All  the  kids  play 
on  the  beach.    Von  find  crabs,  make  stuff,  teeter 
totter,  make  masks  from  wood,  make  sticks  to  hold 
fish. 

Jimmy 

The  seashore  is  a  playground.     T  play  at  the 
beach  a  lot;  catching  animals,  looking  at  them. 
1  fly  my  kite. 

Dan 

Some  of  the  experiential  bases  of  Jimmy's  metaphor  response 
is  obvious.    For  example,  **A11  the  kids  play  on  the  beach 
.  .  .  teeter  totter*'  Is  an  obvious  statement  of  the 
recreational  aspects  of  the  seashore.    **Vou  find  crabs,  make 
stuff,  make  sticks  to  hold  fish"  i&  an  obvious  statement  of 


the  utilitarian  aspects  of  the  seashore.    While  some  of  the 
experiential  bases  of  Jimmy's  metaphor  responses  Is  obvious » 
some  of  the  experiential  bases  of  Jimmy's  response  Is  not 
obvious.    The  statement  "making  masks  from  wood'*  is  an 
implicit  statement  about  the  spiritual  aspects  of  the 
seashore  that  is  grounded  in  cultural  experience.  Stronger 
corroborating  evidence  comes  from  other  examples  of 
attaching  spiritual  significance  to  the  seashore.  For 
illustration^  during  the  field  study  phase,  the  following 
data  were  collected  from  the  Salmon  Cove  native  Indian 
teachers: 

Jimmy  is  a  full-status  native  Indian  living 
with  his  very  traditional  native  Indian 
grandparents.    The  grandfather  dances  a  lot 
in  the  blghouse.    Jimmy  was  a  good  dancer  In 
the  primary  grades. 

In    the  above  data  Jimmy *s  reference  to  "making  masks 
from  wood**  is  most  likely  a  statement  about  the  spiritual 
aspects  of  dancing  in  the  blghouse  and  attending  potlatches. 
This  datum  suggests  that  some  metaplior  responses  can  onJy  be 
categorized  and  odequately  represented  when  additional 
information  concerning  the  student *s  social  and  cultural 
background  is  taken  into  consideration. 

There  is  another  way  the  students*  metaphor  responses 
Illustrate  why  it  ''s  Important  to  categorize  in  terms  of 
entire  domains  of  experience.    Jimmy *s  reference  to  **you 
find  crabs**  is  very  different  from  Dan*s  reference  to 
"catching  animals  snd  looking  at  them.*'    At  first,  the  two 
statements  appear  similar  in  their  experiential  bases. 


However,  Important  experiential  differences  become  clearer 

when  additional  information  is  taken  into  consideration. 

For  example,  from  the  metaphor  interviews  Jimmy  makes 

numerous  references  to  "finding  crabs",  **catchlng  flrh", 

*'checklrig  his  crab  traps",  **eatlng  them"  and  "making  a  lot 

of  money**.    By  sharp  contrast,  Dan  makes  numerous  references 

to  "finding  crabs",  *'catchlng  animals",  "looking  at  them", 

".^earning  about  them",  and  "lettlr.g  them  go".    Also,  when 

asked  to  draw  a  picture  of  a  crab  at  high  tide  and  at  low 

tide,  Jimmy  was  the  only  student  to  draw  an  edible  crab 

(Dungeness  crab),  while  Dan  drew  the  common  purple  shore 

crab.    Jlmmy*s  reference  to  "finding  crabs**  is  most  likely  a 

statement  about  the  utilitarian  aspects  of  an  experience, 

while  Dan*s  reference  to  **catchlng  animals  and  looking  at 

them"  is  mosc  likely  a  statement  about  the  scientific 

aspects  of  an  experience.    This  is  Important,  because  many 

times  clues  to  a  student *s  own  uiiderstandlng  of  a  reference 

weie  found  when  it  was  related  to  similar  references  in  the 

student's  entire  set  of  metaphor  and  literal  responses,  ?nd 

to  interviews  with  elders  and  school  officials  in  the 

community  of  Salmon  Cove. 
Identifying  the  Students*  Beliefs 

In  attempting  to  identify  and  analyze  the  students* 

beliefs  about  speciiic  seashore  relationships  before  and 

after  instruction,  the  interviews  has  to  be  designed  to  1) 

explore  the  students*  beliefs  about  specific  seashc  . 

relationships,  and  2)  use  accepted  science  concepts  related 

to  beach  ecology  as  a  standard  to  compare  and  contrast  the 
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Students'  ideas  and  beliefs.  For  example,  the  metaphor  "The 
seashore  Is  a  hotel"  was  used  to  highlight  the  concept  of 
habitat,  "A  seagull  is  a  robber"  to  highlight  the  concept  of 
predator-prey,  "The  sun  is  a  factory'*  to  highlight  the 
concept  of  energy, 

After  looking  for  patterns  in  the  students*  responses, 
a  number  of  specific  beliefs  were  identified  which  students 
held  about  seashore  relationships.    The  beliefs  listed  below 
illustrate  the  responses  students  gave  to  the  metaphor 
questions: 


Death 

The  seashore  is  a 
graveyard.    Some  whales  go 
up  on  the  beach  when  their 
time  is  up.    They  go  up  on 
the  beach  and  die. 

Habitat 

A  cobblestone  is  a  hotel. 
Under  the  rocks  there's  all      seems  like  a  factory  because 


Re cycle 

A  crab  is  a  garbage  collector. 
It  picks  up  anything  that's 
dead  to  eat,  because  it's 
scavenger. 


Energy 

The  sun  is  a  factory.  It 


sorts  of  little  things: 
crabs,  sand  fleas,  eels. 

Predator'-prey 
A  starfish  is  a  can  opener. 


It's    producing  things,  like 
helping  plants  grow. 

Community 

The  seashore  is  a  town.  It's 


It  can  open  clams,  mussels,      like  the  littJe  animals  are 


and  many  other  shellfish. 


all  together  in  a  community. 
Like  under  a  rock  it's  just 
like  there  are  different 
animals:    shore  crabs, 
limpets,  hermit  crabs,  eels, 
snails,  all  living  together. 


When  attempting  to  comprehend  and  adequately  represent  the 
students'  beliefs,  their  metaphor  responses  were  categorized 
according  to  the  criteria  that  best  described  the  basic  set 
of  ecological  concepts.    While  some  of  the  students' 
responses  are  explicit  statements  about  specific  concepts 
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and  are  reasonably  easy  to  categorize,  other  responses  aie 
implicit  statements  and  are  more  difficult  to  categorize. 
The  Metaphor  Interview  as  a  Research  Tool 
Metaphor  interviews  enable  researchers  to  examine 
aspects  of  the  cognitive  system  which  are  often  masked  by 
more? conventional  approaches.    In  addition  to  probing  for 
beliefs,  the  metaphor  interviews  probed  what  the  students 
think  is  desirable  and  how  they  felt.    The  metaphor 
interviews  did  more  than  probe  for  single  beliefs  or  single 
values  or  single  emotions.    By  asking  the  students  to 
project  responses  onto  metaphors  in  an  imaginative  way,  the 
students  were  less  likely  to  be  consciously  aware  of  the 
beliefs  and  values  that  they  were  communicating.  The 
Tjetaphor  interviews  allowed  the  study  of  how,  in  most 
situations,  a  C0D.j>lex  cluster  of  beliefs,  values  and 
feelings  influenced  the  formation  of  the  students*  response. 
One  of  the  more  useful  features  of  the  metaphor  interview  is 
that  it  allowed  an  analysis  of  "preferred"  beliefs  and 
"preferred"  orientations.    It  allowed  an  analysis  of  the 
relationship  between  the  studento  beliefs  about  the 
seashore,  their  preferred  orientations,  and  the  type  of 
instruction  that  occurred. 

The  students'  metaphor  responses  also  illustrate 
another  very  important  aspect  of  children's  conceptions  of 
the  seashore — that  is,  the  importance  of  the  two-sided 
nature  of  their  thinking.    On  the  one  hand  there  is 
extensive  use  of  senaory-based  experiences  (eg.,  the 
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references  made  to  "playing  at  the  seashore",  ^'finding 
crabs",  "looking  at  them"),  while  on  the  other  hand  the 
children  used  Images  embedded  In  specific  social  or  cultural 
context  (e.g.,  the  reference  to  **maklng  masks  from  wood", 
"legends",  and  "totem  poles").    The  students'  metaphor 
responses  allow'  researchers  to  get  at  modes  of  thinking, 
that  are  grounded  In  the  students*  previous  physical, 
social,  and  cultural  experiences  with  a  richness  of  detail. 

The  students*  metaphor  responses  express  the  particular 
qualities  of  experience.    What  are  the  partlculcr  qualities 
of  Dan's  scientific  mode  of  inquiry  and  his  Intimate 
relatlon&hlp  to  the  seashore?    What  are  the  particular 
qu::lltles  of  Mary's  enjoyment  of  the  peaceful  and  pretty 
aspects  of  the  seashore?    What  are  the  particular  qualities 
of  Luke's  relationship  to  the  supernatural  animals  and 
events  In  nature?    In  revealing  these  expressive  qualities 
through  metaphor  Interviews,  educators  have  the  opportunity 
to  participate  vicariously  In  the  lives  of  students,  to 
acquire  an  empathetlc  understanding  of  these  situations  that 
are  Important  In  the  lives  of  their  students. 

What  characteristics  of  the  metaphor  Interview  allowed 
the  Illumination  of  beliefs  and  orientations?    One  of  the 
most  important  characteristic  of  the  metaphor  Interview  Is 
that  It  is  non-direct Ive.    The  metaphor  question  suggests, 
it  doesn't  define.    Hence,  the  students  have  to  define  their 
preferred  relationship  to  the  seashore.    There  Is  a 
connection  between  the  characteristics  oT  metaphorical 


thinking,  which  are  essentially  relational  In  nature,  and 
the  responses  obtained  by  metaphor  Interviews.    The  meta..nor 
Interview  allowed  the  analysis  of  relationships  such  as:  1) 
a  student's  comprehension  of  the  relationships  among 
concepts,  2)  a  student's  own  relationship  to  the  phenomenon 
under  study,  and  3)  a  student's  relationship  with  others  In 
social  and  cultural  situations.    The  students'  metaphor 
responses  Illuminated  whether  the  students'  relationship  to 
the  seashore  is  passive,  active,  dominating,  positive, 
negative,  and  so  on. 

Metaphor  interviews  may  have  implications  for 
mulri-cultural  education  by  allowing  researchers  to 
understand  the  thinkiug  of  students  with  different  social 
and  cultural  backgrounds.    In  this  study,  both  Jimmy  and 
Luke  are  native  Indians.    Both  students  have  writing, 
reading,  mathematics,  and  science  skills  which  are  well 
below  grade  level,  as  evidenced  by  their  report  card  grades 
and  achievement  test  scores.    Yet  both  students  gave 
responses  which  allowed  an  anlysis  of  their  beliefs  and 
orientations.    The  met*»phor  interview  is  one  possible 
assessment  tool  that  takes  into  account  the  linguistic  and 
socio-cultural  background  of  the  child. 

Metaphor  interviews  could  be  used  in  large  urban 
centers,  in  rural  settings,  and  in  isolated  coastal  fishing 
or  native  communities.    They  can  be  linked  to  a  sampling 
strategy  to  provide  Important  qualitative  data  that  is 
holistic  and  i*plsodic.    The  discourse  of  Students  struggling 
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to  incre&se  their  understanding  of  science  concepts  adds 
humanistic  understanding  to  quantitative  research. 
Metaphor  Interviews  and  Future  Resecrch 

A  variety  of  questions  about  metaphor  interviews  needs 
to  be  explored.    How  can  metaphor  interviews  take  into 
account  linguistic  differences?    Do  students  of  different 
ages  and  developmental  levels  need  different  metaphor 
questions?    Can  metaphor  interviews  be  quantified? 

Clearly*  some  students  may  have  more  ability  than 
others  in  responding  to  metaphor  questions  about  particular 
aspects  of  reality.    Metaphor  interviews  need  to  be 
developed  for  students  with  different  metaphorical  abilities 
and  experiences,    "o  do  this»  the  abilities  and  preferences 
to  express  ideas  in  metaphorical  fashion  need  to  be  explored 
for  students  of  different  ages,  sexes,  and  social  and 
cultural  groups.    For  example,  in  the  present  study,  a 
single  metaphor  question  such  as:    "I  would  be  an  eagle,  a 
raven  or  seagull"  appealed  to  students  of  all  ages, 
especially  to  primary  children,  whereas  a  double  metaphor 
question:    "I  am  to  the  seashore  as  a  driver  is  to  a  car,  a 
passenger  is  to  a  car,  a  mechanic  is  to  a  car",  seemed  to  be 
difficult  for  sJ:udents  under  grade  five.    There  are  metaphor 
interview  techniques  which  seem  to  be  more  appropriate  for 
students  at  different  developmental  levels.     This  finding  is 
consistent  with  other  research  indicating  that  children* s 
ability  to  handle  more  demanding  metaphor  cofnprehension 
tasks  increases  with  age  (Johnson,  1983;  Marschark  and  Nail, 
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1983;  Vasniadou  and  Ortony,  1984).    In  addition  to  exploring 
a  wider  range  of  language  metaphor  questions,  researchers 
need  to  explore  a  range  of  non-verbal  metaphor  formats  as 
well — the  use  of  pictures  and  role-playing  in  probing  for 
preferences.    Such  research  is  currently  lacking  in  science 
education 

In  spite  of  che  apparent  desire  of  many  researchers  to 
try  and  assign  numbers  ^«  any  construct,  there  needs  to  be 
caution  in  attempting  to  quantify  the  students*  metaphor 
responses.    Because  orientations  have  a  certain  stability 
and  coherence,  they  appear  easy  to  classify  into  categories. 
In  reality,  orientations  seem  to  be  quite  context  dependent 
and  the  researcher  must  have  appropriate  knowledga  and 
experience  with  the  contexts  to  categorize  the  students* 
responses.    Hence,  the  task  of  simply  counting  responses  in 
a  given  category  will  be  neither  very  informative  nor 
particularly  valid.    The  richness  of  the  metaphor  interview 
is  its  potential  to  illuminate  personal  perceptions, 
feelings,  and  value  preferences. 

The  development  of  a  sensitive  metaphor  interview  and 
the  analysis  of  responses  depend  on  an  understanding  of  the 
respondent's  physical,  social  and  cultural  experiences,  the 
curriculum  as  presented,  and  so  on.    For  instance,  in  the 
present  study,  this  analysis  requires  knowledge  of  the 
social  and  cultural  milieu  of  Salmon  Cove,  as  well  as 
fishing  nechods  and  the  state  of  commercial  fishing  in 
British  Columbia,  the  instructional  concepts  of  interest, 
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and  knovledge  and  experience  of  the  seashore.    This  suggests 
that  the  analysis  of  data  is  not  a  sitnple  coding  schedule 
vhich  can  be  picked  up  in  a  30  minute  training  session.  An 
lnter*rater  reliability  category  system  may  be  possible  and 
desirable  in  some  future  »cudlcs,  if  it  presupposes  a 
holistic  understanding  of  complex  situations.    A  sensitive 
coding  schedule  would  require  a  careful  examination  of  the 
contributions  of  context  to  the  students*  metaphor  response. 

As  the  use  of  a  metaphor  interview  dercribed  in  this 
paper  rests  on  data  collected  through  a  small  interview 
sample,  the  need  for  more  extensive  research  is  obvious.  As 
suchy  it  suggests  that  educators  in  all  subject  areas  need 
to  explore  this  research  frontier.    The  use  of  a  metaphor 
interview  is  one  important  way  educators  can  monitor  anil 
resolve  conflicts  between  the  beliefs  and  values  that 
students  bring  to  instruction,  and  the  concepts  taught  in 
the  classroom. 
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Rational  personal  constructivism 

Even  at  the  First  Symposium,  now  -four  years  into  the  past, 
It  was  clear  that  there  were  many  di-f-ferent  approaches  to 
the  study  oi  children's  ideas  about  scientific  matters.  In 
any  early  pre-paradigmatic  -field  oi  social  research  the  way 
to  start,  it  seemed,  was  to  listen  attentively,  with 
respect,  and  with  as  little  in  the  way  o-f  preconceived  ideas 
as  possible,  to  the  words  oi  the  subjects  themselves. 
Educational  reseat  x-hers  •f'-om  many  countries  had  indeed  been 
doing  just  tl  is,  and  the  collection  o-f  papers  which  resulted 
IS  stiP  a  rich  repository  o-f  primary  research  data. 


But  this  was  not  the  whole  story.  The  very  respect  which  is 
so  essential  ior  an  ethnograpic  study  had  itseJf  engendered 
a  theoretical  perspective.  Heated  discussion  between  the 
symposium  participants  concerning  the  use  o-f  labels  euch  as 
"misconceptions*',  "preconceptions",  and  "alternative 
frameworks"  showed  that  di-f-ferent  schools  o-f  interpretation 
had  begun  to  surface.  The  ethnographic  methodology,  because 
It  used  the  comments  of  ir.dividual  studentb,  rnd  was  often 
carried  out  by  U»ose  trained  in  science,  gave  rise  to  a 
strong  rational  personal  constructivist  position.  This  was 
^"jcfot^^"'  PF.Thaps,  in  a  paper  about  conceptual  change  by 
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Strile  and  Pusncr  (1982)  where  tlie  authors  based  their 
argum*^ni  on  the  rcJtionc^lity  of  students  -  "being  rational 
has  primarily  Lo  do  with  Sow  we  move  from  one  view  to 
another".  This  notion  that  each  child  operated  quite 
logically  moving  from  one  theoretical  position  to  anotner 
according  to  the  weight  of  experimental  evidence,  wab 
probably  derived  from  the  Personal  Construct  Theory  of  Kelly 
(1955):     Pope  (1982),  for  example  refered  to  the  students' 
"causal  e:;planatory  systems"  and  Osborne  and  Bell  (1983)  to 
"Children's  Science". 

There  is  a  strong  anecdotal  tradition  of  thought,  or 
"gedanken",  exptfriments  in  physics  (Helm  and  Gilbert  1985), 
which  is  popularly  exemplified  by  the  story  of  the  young 
Einstein  imagining  what  it  might  be  like  to  chase  after  a 
beam  of  light  at  a  speed  approaching  that  of  light  itself. 
Tfiere  are  o  i-ew  other  such  historical  stories,  each  one 
memorable  and  insightful  especially  when  used  in  the 
rational  tradition  of  "reductio  ad  absurdam"  to  produce 
valuable  new  knowledge.  Perhaps  they  are  actually  morr 
famous  than  they  deserve  to  be,  and  encourage  us  to 
recognise  a  comparable  rationality  ;  -»  the  fluid  inventions 
of  students.  The  child  who  approaches  anywhere  near  this 
kind  of  rationality  in  their  own  musings  is  rare  indeed. 
Interviewers  in  the  ethnographic  tradition  certainly  met 
with  plenty  of  homespun  ideas  but,  ats  the  taU*  continued, 
the  students  often  moved  frr^m  one  to  another,  at  some  timc> 
obligingly  constructing  a  ne,    one  from  scratch  to  satisfy 


the  questioner.  More  than  one  researcher  has  had  the 
experience  of  the  previous  day's  interviewee  rushing  up  with 
cries  of  "I  have  worked  out  a  better  answer  to  your 
question!" 

Personal  rationality  was  thought  to  be  applied  to  the 
students'  own  motor  experiences,  although  no  examination  of 
customary  Icnowledge  of  familiar  actions  was  made  directly. 
Evidence  certainly  turned  up  in  the  interview  transcripts 
where  students  made  reference  to  what  they  had  seen  or  done, 
and  this  was  accepted  as  the  raw  data  frofp  vjJiich  their 
subsequent  constructions  flawed.  Put  how  or  when  this 
modelling  from  observation  or  action  was  made  did  not  then 
seem  to  be  an  important  part  of  the  research  programme.  Now 
however  we  can  s^i?  that  verbalised  ideas  are  at  a  far  remove 
from  raw  experiences  both  because  they  need  to  be 
constructed  in  words  and  probably  talked  over  with  others, 
and  also  because  the  repetition  of  customary  physical  acts, 
through  their  sheer  familiarity,  often  seem  to  make  them 
opaque  to  explanation.     Thus  craft  or  body  knowledge  may 
simply  remain  within  the  memory  as  non-*'erbal  "Tacit 
Knowledge"  (Polanyi  1958)  which  is  hard  to  relate  to  the 
personal  construction  of  ideas. 

The  rational  personal  aspect  of  knowledge  was  also  being 
challenged  by  awkward     empirical  results.  Careful 
exploration  of  how  students  cope  with  problem  solving  (eg 
Viennot  1979  and  Champayne  and  Klopfer  1980)  had  showr^ 
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clf      -/  that  students  did  not  apply  their  ideas 
consistently,  even  when  the  scientific  problems  being 
discussed  w«-  e  very  similar.  In  a  theoretical  paper  based  on 
South  African  data  Hewson  (1981)  accepted  that  taught 
scientific  ideas  could  oust,  be  defeated  by,  or  even  live 
alongside  the  childrens'  own  notions.  If  rationality  did  not 
govern  the  young  students'  subsequent  learning  of  science 
was  it  right  to  assume  that  these  persistent  and  widespread 
pre-instructional  ideas  had  been  severally  formulated  to 
provide  personally  satisfying  rational  systems  or 
explanation? 

The  social  construction  of  meaning 

Qnn  obvious  question  which  the  personal  rational  position 
found  difficult  to  answer  was  why  particular  constructs  are 
so  widespread  -  at  least  within  one  culture  or  one  language 
group.  The  last  seminar  heard  about  quite  different  ideas 
gibout  energy  which  were  widely  held  by  berman,  British  and 
Philipino  students  (Duit,  and  Solomon) 

Children  are  great  social  communicators  long  before  th 
learn  about  scientific  ways  of  constructing  theories.  Si 
interactions  are  based  on  empathy  rdixher  than  consistency 
because  they  depend  on  the  shared  i  understanding  of  meaning. 
Not  just  children  but  all  of  us  strive  hard  to  fit  into  the 
general  scheme  of  what  is  being  discussed,  and  we  also  rely 
very  strongly  on  messages  of  recognition,  understanding  and 
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support  which  come  back  to  us  from  others  when  we  speak 
about  our  experiences.  Back  m  1934  Mead  had  written  that 
social  interactions  are  respon'^ible  for  the  appearance  of 
new  objects  in  the  field  of  our  experiences  and  indeed  that 
"objects  of  common  sense*'  can  only  exi^t  through  this  social 
communication.  Both  he  and  Schutz  (1973)  wrote  of  the 
"interchangeability  of  perspectives"  with  others  who  have  a 
social  relationship  with  us.  If  the  construction  of  the 
meaning  of  an  experience  takes  place  within  a  group  of 
friends  it  is  small  wonder  that  students'  notions  are  found 
to  be  common  to  manv.  If  the  art  of  changirtg  perspectives  is 
a  prized  empathic  skill  in  social  circumstances  it  also 
explains  why  students'  explanations  can  be  so  inconsistently 
applied    without  causing  them  any  apparent  cognitive 
discomfcrt.  It  was  this  line  of  argument  which  I  presented 
at  the  last  symposium  to  explain  the  curioms  data  recorded 
in  group  discussions  on  the  topic  of  energy.  Since  then  the 
work  of  tne  CLIS  (Children's  Learning  In  Science)  project 
has  set  out  to  document  classroom  interactions  between 
students  m  order  to  monitor  the  changing  conceptions  of 
British  school  pupils  as  they  learn  science  in  the  teaching 
laboratory. 

The  linguistic  and  cultural  aspects  of  the  social 
construction  of  knowledge  are  a  ^'*^ld  of  study  m 
themeselves.  Some  idea  of  the  daunting  scope  of  this  field 
is  to  be  found  m  a  recent  review  article  Social  Influences 
on  the  Construction  of  Pupils'  Understanding  of  Science 
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Solomon  1987.  It  is  altogether  too  large  a  subject  to  be 
considered  in  this  article. 


Personal  styles  of  verbal  expression  Electricity. 
To  these  three  perspectives  -  personal  rationality, 
experiential  actions,  and  social  mediation  -  some  more  need 
to  be  added.  What  I  have  in  mind  are  individual  m  character 
but  not  related  to  rationality  of  construction  as  much  as  t 
other  personal  traits.  Some  of  this  may  relate  to  the  kind 
of  work  on  cogitive  style  carried  on     by  Pascual-Leone  et  s 
(1978),  Case  and  Globerson  (1974)  and  diSessa  (1984) 
although  I  would  be  chary  of  using  such  sharp  notions  as 
"field  depend»>ncy",  or  "problem-solving  strategy"  m  too 
prominent  a  fashion.  Instead  I  would  e::plain  personal  style 
in  a  more  general  and  commonplace  way  -  a«»  the  choice  of 
verbal,  mathematical,  or  visual  modelling  which  seems 
appropriate  to  any  individual  student. 

This  area  is  so  fluid  and  idiosyncratic  that  it  is  hard  and 
oerhaps  misleading  even  to  try  to  discuss  it  m  any 
theoretical  way.     Instead  I  vjant  just  to  describe  some  data 
obtained  by  the  British  STIR  (Science  Teachers  In  Research) 
group  in  the  field  of  electricity.  These  are  to  be  found  ret 
out  in  greater  detail  in  Solomon  et  al  (1986)  ancJ  Solomon  et 
al  (1987). 


The  study  of  pupils*  view  of  electricty  was  c  .rried  out 
among  Grade  6  students  who  had  not  yet  been  taught  a  formal 
school  course  about  electricity  and  Grade  8  students  who 
had.  It  took  place  in  four  different  schools  by  means  of  a 
variety  of  tests-  In  the  first  place  the  students  were  asked 
to  give  a  piece  of  free  writing  about  electricity,  then  to 
use  simile  to  describe  what  they  thought  electrcity  was 
like,  and  then  to  put  a  ring  around  the  places  in  a  set  of 
four  drawings  where  they  *    ought  that  the  electricity  might 
be  located.  In  a  follow  up  exploration  of  the  responses  to 
these  sections  a  series  of  group  interviews  were  carried 
out. 

In  the  earlier  paper  <1986)  the  results  of  a  network 
analysis  of  the  free  writing  showed  the  similarity  of  the 
views  and  beliefs  about  elec^.     ity  given  by  the  two  groups 
of  children.  We  assumed  from  this  that  these  were  socially 
derived  notions  which  had  proved  either  resisitant  to  or 
emotionally  more  saliert  than  the  teaching  given  at  school. 
The  mam  areas  used  in  the  analysis  were  USE,  DANGER,  SuPPLY 
and  PHYSICS  (this  latter  to  be  taken  very  loosely  as  being 
an  early  attempt  at  conceptual  formulation).  We  were 
intrigued  at  the  large  category  of  grade  6  responses  in  the 
DANGER  category,  which  had  diminished  significantly  two 
years  later.  The  repetition  of  phrases  used  was  striking  and 
suggeistive  of  social  maxims  ("You  cant  mix  electricity  and 
water",  and  "Electricity  is  very  useful  to  us") 
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In  the  simile  section  of  the  paper  we  observed  a  signifcant 
change  over  the  two  years  only  in  agreement  with  proposition 
that  electricity  was  like  a  river  ...  "because  it  flows". 
Was  this  the  result  of  school  teaching  or  ccess  to  new 
vocabulary  and  its  latent  analogies? 

After  this  preliminary  analysis  had  shown  both  the 
background  of  socially  acquired  knowledge  and  the  very 
slight  conceptual  advance  produced  over  t;ie  two  years,  we 
began  a  second  tier  of  analysis  to  answer  the  following 
questions: 

What  might  have  caused  the  fear  of  electricity  which 
seemd  to  underly  the  DANGER  statements? 

Was  there  any  structural  difference  in  the  way  the 
two  year  groups  expressed  themselves  in  their  writing? 

Was  the  correct  use  of  simile  an  equal  problem  to 
both  year  groups? 

We  sought  an  answer  to  the  first  question  partly  by  group 
interviews  of  "fearing"  and  "non-fearing"  students  (as 
defined  by  the  number  of  DAK3ER  statements  made),  and  partly 
by  internal  evidence  within  the  questionnaire.  We  found  that 
having  had  an  electric  shock  was  not  a  significant  factor  in 
being  fearful,  but  that  not  having  full  parental  licence  to 
use  elelctrical  appliances  unaided  was.  We  also  found  that 
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these  fekring  children  were  much  more  likely  than  the  others 
to  place  a  ring  around  the  plug  oi  a  disconnected  table 
light  as  a  place  where  there  was  elelctricity. 

We  deduced  from  this  that  familiarity  with  the  use  cf 
electricity  had  moved  the  locus  of  electricity  from  touching 
the  plug  to  engaging  it  in  the  socket.  Here  were  indications 
of  a  change  in  conceptual  understanding  very  nicely  related 
to  motor  learning. 

Examining  the  sentences  from  d  syntactical  point  of  view 
proved  interesting.  We  employed  the  categories  - 

(A)  -I",  "we",  or  People  as  the  subject  of  the  sentence. 
<B)  "Electricity"  is  the  subject  of  a  subjective  judgement. 
<C>  "Electricity"  is  tfie  subject  of  a  factual  sentence. 
<D)  "Electricity"  is  the  subject  of  an  attempted  definition 
using  the  verb  to  be. 

(E)  "Electricity"  is  the  ^subject  of  an  operational 
definition  using  a  verb  other  than  "is". 

This  analysis  showed  a  regular  age  progreission.  It  was  was 
similar  to  one  found  by  Kempa  and  Hodgson  (1976)in  sentences 
written  about  the  nature  of  acids,  in  which  these  authors 
had  found  an  age  progression  which  did  not  seem  to  be 
related  to  high  and  low  scorers  in  an  IQ  test. 

The  nearest  we  had  come  to  setting  an  intelligence  test  was 
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the  use  of  simile,  and  this  was  itself  fortuitous.  We  were 
surprised  how  many  mistakes  in  the  operation  of  a  simile 
were  made.  This  skill  at  finding  a  quality  through  ^hich  to 
compare  two  objects  also  showed  significant  development  from 
grade  6  to  the  grade  8,  However  it  was  interesting  to  find 
that,  within  any  one  year  group,  there  was  no  significant 
correlation  between  ability  in  the  use  of  a  simile  and  the 
hierarchy  uf  sentence  construction. 

This  conclusion  was  intriguing  and  difficult  to  categorise. 
On  the  one  hand  progress  in  written  descriptions  of 
electricity  might  have  been  the  result  of  social  influences 

the  way  m  which  peers  or  family  habitually  speak 
affecting  how  the  child's  sentences  were  constructed.  On  th-? 
other  hand  it  could  have  been  a  simple  expression  of 
different  verbal  style,  unrelated  to  analytical  prowess.  The 
work  on  electricity  was  thus  completed  without  givinn  any 
way  to  distinguish  between  these  two  alternatives. 

Persona!  styles  of  non-verbal  expressions  Light 
A  small  study  of  Gradr  8  students  beginning  their  first 
course  on  Optics  was  carried  out  in  one  British  school. 
Before  the  course  began  the  students  were  asked  to  discuss 
what  they  knew  about  light  and  then  they  were  given  coloured 
pencils  and  asked  uo  draw  a  picture  of  a  sunset  putting  in 
all  they  could  about  light.  1     their  first  lesson  the  same 
students  were  given  a  ray  bo>:  and  a  lens  which  enabled  them 
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to  trace  diverging,  converging  and  parallel  beams  of  light 
across  a  piece  of  paper.  They  were  also  asked  to  obtain 
shadows  with  each  kind  of  beam.  There  was  no  overt 
instruction  on  shadows  but  the  students  were  asked  to 
observe  the  nature  of  the  shadows  produced.  Shortly 
afterwards  they  were  asked  to  draw  diagrams  to  show  why  a 
person's  shadow  was  different  in  the  morning  wtien  the  sun 
was  high  in  the  sky,  and  in  the  evening  when  it  was  lower 
down.  Then  they  were  asked,  in  the  next  lesson,  to  write 
down  what  a  shadow  was.  These  three  sets  of  data  were  then 
compared. 

The  collection  of  coloured  pictures  ranged  from  a  lurid 
orange  ball  cut  in  half  by  the  horizon,  to  more  complicated 
sea  or  landscapes  in  which  several  other  objects  were 
sketched.  Since  the  students  had  been  asked,  at  least  twice, 
to  show  all  they  could  about  light  in  their  pictures,  these 
were  simply  categorised  into  ones  where  light  effects  were 
shown  -  lighter  and  darker  shading  on  the  sides  of  objects 
or  clouds,  shadows  or  paths  of  light  across  the  sea  (a  corny 
but  common  theme!)  -  and  others  which  showed  no  light 
effects  at  all  apart  from  uniform  sunset  colours. 

The  diagrams  of  shadows  were  surprising.  Some  used  rays  or 
the  position  of  the  sun  to  locate  the  shadow;  others  did 
not,  and  even  drew  the  shadow  as  a  black  shape  completely 
separated  from  the  person.  In  the  written  explanation  it  was 
again  possibe  to  see  two  main  categories  of  response,  those 
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who  spoke  of  a  shadow  as  where  the  sun's  light  was  blocked 
out,  and  those  who  simply  referred  to  a  shadow  as  an  image, 
shape  or  reflection  of  a  person  without  any  causal  reference 
to  the  sun  or  its  light  (Solomon  1986).  A  comparison  between 
these  two  pieces  of  wnrk  on  shadows  showed  a  high  and 
significant  association  -  Q=0.81  +/~  0.14  (n=36).  This 
seemed  to  show  that  the  analytical  approach  could  display 
itself  in  both  words  and  simple  diagrams^ 

Howevar  when  the  coloured  pictures  were  examined  no 
significant  association  of  any  kind  could  bs  found.  These 
were  obviously  not  diagrams  and  although  it  was  quite 
possible  to  pick  out  the  oner  where  light  and  colour  effects 
of  the  setting  sun  were  faithfully  reproduced,  they  were  as 
often  given  by  students  who  thought  non-causally  about 
shadows,  as  by  those  who  later  carefully  drew  in  rays  of 
light  in  order  to  define  the  shape  and  size  of  shadows.  We 
might  perhaps  conclude  from  this  that  those  who  are 
entranced  by  coloured  effects  and  remember  them  well,  do  not 
necessarily  care  to  think  xn  an  explanatory  way  about  them. 
It  might  be  typified  perhaps  by  Leonardo  da  Vinci's  minute 
exploration  of  the  blueness  of  distant  vistas  and  the 
colours  within  shadows,  as  compared  with  Isaac  Newtort's 
preoccupation  with  using  his  particle  theory  of  light  to 
explain  refraction  and  dispersion. 


Science  for  citizens. 

So,  four  years  on  from  the  First  International  Symposium,  it 
seems  that  the  task  of  understanding  school  students* 
notions  may  be  even  more  formidable  than  we  had  then 
supposed.  Personal  rational  constructivism  would  have  been  a 
relatively  easy  item  to  have  absorbed  into  science 
education.  Without  it  we  are  thrown  back  on  to  socially 
mediated  meanings.  This  not  only  presents  more  difficulty 
for  understanding  the  fluid  notions  of  students,  it  also 
gives  us  the  harder  job  of  introducing  them  to  a  new  way  of 
thinking  which  is  more  rational  and  more  conte>:t-"independent 
than  they  have  ever  encountered  before.  Aikenhead  (1986)  has 
documented  the  gross  misunderstandings  that  even  Grade  11 
students  have  about  the  nature  of  scientific  knowledge  and 
has  claimed  that  this,  mo»"e  than  any  other,  is  the  most 
crucial  and  basic  task  for  science  education. 


There  is  one  more  reflexion  on  personal  cognitive  style  that 
might  well  link  up  with  the  previous  point.  It  seems  likely 
that  if  a  topic  in  science  education  has  either  emotional  or 
evaluative  overtones  it  will  also  engage  individual  students 
to  a  different  e>:tent  in  accord  with  their  different 
personal  reactions.  We  hc*ve  only  to  reflect  on  the  enormous 
difficulties  encountered  by  Kohlberg  in  his  attempts  to 
categorise  students'  responses  to  moral  problems  to  see  yet 
another  faculty  that  does  not  correspond  to  the  usual  norms 
of  cognitive  development.     This  would  then  iu     £i  another 
dimension  to  personal  cognitive  style  which  might  become 


very  important  when,  for  example,  environmental  or  nuclear 
issues  were  being  considered  during  science  lessons. 

The  public  understanding  of  science  in  these  crucial  areas 
is  of  special  importance  to  our  nations.  Its  difficulty  is 
confounded  by  a  lack  of  understanding  about  the  rational  but 
incomplete  nature  of  scientific  knowledge,  as  well  as  being 
coloured  by  a  variety  of  different  personal  perceptions. 
Like  other  aspects  of  learning  it  is  mediated  through  social 
interactions.     Whatever  way  we  look  at  it  the  science 
education  of  our  future  citizens  is  a  superbly  challenging 
task' 
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ACQUISITION  OF  CONSERVATION  OF  MATTER 

Ruth  Stavy,  School  oZ  Education,  Tel-Aviv  University 


According*  to  Piaget,  quantitative  conservation  is  possible 
at  the  concrete  operational  stage  when  children  possess 
reversible  logical  operations  (compensation,  negation,  identity 
or  additlvity)*  In  our  previoue  research  (Stavy  and  Stacliel 
1985.) »  cs  in  many  others  (Loveil  and  Qgilvie,  1961-62; 
Uzigris,  1964),  it  ura-j  found  that,  as  opposed  to  what  Js 
expected  according  to  Piaget's  stage  theory,  children  can 
conserve  weight  in  some  tasks  but  not  in  others* 

Loveil  and  Ogllivie  explain  this  horizontal  decalage  by 
saying  that  although  logical  thinking  is  an  essential  condition 
for  weight  conservation,  it  is  not  enough*  Experience  in  the 
physical  world  has  a  much  larger  role  than  expected,  therefore 
conservation  does  not  develop  in  an  all  or  none  process  but  is 
developed  gradually,  Inheider  Sinclair  and  Bovet  (1974)  claim 
that  during  the  process  of  constructing  their  knowledge, 
children  come  across  much  rislstance  from  their  surrounding 
which  is  the  cause  for  horizontal  decalage* 

Another  approach  to  conservation  of  weight  problems  will 
be  presented  in  this  paper*  Misconservation  will  be  presented 
and  interpreted  in  terms  of  specific  alternaLive  conceptual 
framework*  Thus,  the  development  of  conservation  of  weight  in 
different  transformations  of  matter  will  be  descibea  and 
discussed*  Educational  implications  will  also  be  discussed* 

Methodology 
The  Sample 

The  sample  included  students  of  middle  class  population 
from  the  first  grade  (ages  6-7)  until  tlui  ninth  grade  (ageu 
14-15)*  Each  age  group  comprised  20-25  students  lUch  stuuent 
was  interviewed  Independently  while  beln^  showed  the  materials 
and  the  processes*  Each  student  was  asked  only  two  of  the 
tasks* 
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In  the  seventh  grade  students  in  Israel  study  che  chapter 
"The  Structure  of  Matter"  (Orpaz,  Ben-Zvi)  which  deals  with  the 
particulate  theory  of  matter,  in  the  eighth  grade  they  study 
the  chapter  **From  Elements  to  Compounds"  (Arazl,  Sivan)  which 
deals  with  elements  and  compounds,  the  periodic  table  of  the 
elements  and  electrical  phenomena  of  matter. 

The  Tasks 

a.      Melting  task: 

Candles:  Two  indentical  candles  were  given  to  the  child 
who  was  asked  to  judge  che  equality  of  weight*  One  of  the 
candles  was  then  melted  and  the  child  was  asked  about  the 
equality  of  weight  and  about  the  reversibility  of  the 
process* 

Ice:  The  child  was  presented  with  two  identical  test 
tubes*  Each  contained  an  equal  amount  of  ice*  The  child 
was  asked  to  judge  the  equality  ot  weight*  The  ice  in  one 
of  the  test  tubes  was  melted  and  the  child  was  asked  about 
the  equality  of  weight  and  about  the  reversibility  of 
process* 

b*      Evaporation  tasks: 

1.  Acetone:  The  subject  was  presented  with  two  closed 
identical  test  tubes*  Each  contained  an  equal  amount  of 
acetone  (one  drop)*  The  subject  was  asked  to  judge  the 
equality  of  weight*  The  acetone  in  one  of  the  test  tubes 
was  heated  until  it  completely  evapoatated*  The  student 
wn-j  asked  about  the  equality  of  weight  and  abo  the 
r    ersibillty  of  the  process* 

2.  Iodine:  The  subject  was  presented  with  two  closed 
Identical  test  tubes,  each  containing  an  iodine  crystal 
(two  equally  size.I  crystals)*  The  subject  was  asked  to 
judge  the  equality  of  weight*  The  iodine  in  one  of  the 
test  Cubes  was  heated  and  turned  completedly  into  purple 
gas  which  filled  the  whole  volume  of  the  test  tube*  The 
subject  was  asked  about  the  equality  of  weight  and  about 
the  reversibility  of  the  process. 


c.  Dissolving  of  sugar  Cask: 

The  subject  was  presented  with  two  identical  cups 
containing  equal  amounts  of  water  and  with  two  identical 
tea  spoons  containing  equal  amounts  of  sugar.  The  child 
was  asked  to  judge  the  equality  of  wei^^ht  of  the  two 
systems*  One  tea  spoon  of  sugar  was  put  next  to  one  of  the 
cups  and  the  sectxul  w,is  dissolved  in  the  water  in  the 
second  cup.  The  child  was  asked  about  the  equality  of 
Wi*lght  of  the  two  systems. 

d.  Expansion  of  Water  task: 

The  subject  was  presented  with  two  small  vials  each  of 
which  was  filled  to  the  top.  A  rubber  stopper  with  a  hole 
in  it  was  placed  in  the  vial's  opening  and  a  thin  glass 
tube  was  inser  ^d  into  the  hole  of  che  stopper,  so  that  it 
slightly  entered  thte  vial.  One  of  the  vial  was  heated  and 
the  water  rose  into  the  cube.  The  child  was  asked  about 
the  equalicy  of  weighc  of  Che  Cwo  vials. 


ResulCs 


Conservacion     of     Weighc     in     differenc     cypes  of 
cransfonnacions  of  maccer* 

The  classic  Cask  concerning  weighc  conservacions  developed 
by  Piagec,  is  chac  of  the  plascicine  ball  deforraacion.  Six 
Co  seven  year  old  children  succeed  in  chis  Caak  using 
explanacions  of;  idenclcy  (ic  Is  Che  same  plascicine); 
reversibllicy  (che  bail  can  be  changed  back);  compensaclon 
(chere  are  more  pieces  buC  chey  are  smaller);  .iddlcivicy 
(nochiiig  was  added  or  subscracC Jd) .  This  means  ChaC 
children  ac  Chls  age  have  C. ^  logical  abllicy  Co  deal  wich 
ccrc.iln  weighc  conservacion  Casks. 

When  children  are  presenced  wich  weighc  conservacion  Casks 
wiilch  Involve  change  of  scate  cheir  responses  are 
differenc.  As  opposed  Co  Che  linear  curve  of  developmenC 
in  che  success  of  che  plascicine  conservacion  Cask  (wich  a 
rise  from  20%  Co  80%  in  che  second  grade) ,  Che  developmenC 
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curve  wich  regard  co  Che  success  of  Che  me  J  ling  of  Ice 
Cask  is  noc  linear,  buC  racher  is  an  S  -  shaped  curve  wich 
a  sharp  rise  aC  che  chird  grade  (5%  -  ^^5Z)  ,  a  shoulder  and 
a  second  rise  aC  che  fifch  grade  (55%  -75%).  The 
evaporacion  of  aceCone  cask  shows  a  linear  rise  from  0%  - 
80%  from  fourch  Co  ninch  grade.  Ic  seems ,  cherefore,  ChaC 
che  caoacicy  Co  conserve  wieghc  depends  on  Che  naCure  of 
r.he  craisConaaCion .  Ic  is  f irsc  expressed  in  che  case  of 
che  simple  change  of  cranslocacion,  Chen  in  che  process  of 
change  of  scace  from  solid  Co  liquid  and  Clnally  in  Che 
process  of  change  from  liquid  Co  gas.  (see  fig.  1). 

Inserc  Fig.  1. 

The  majoricy  of  scudencs  who  did  noc  answer  correccly  che 
melcing  of  ice  Cask  believed  ChaC  ice  is  heavier  Chan 
wacer  or  chac  wacer  has  no  weighc.  Few  of  che  younger  ones 
b'Uieved  chaC  waCer  is  heavier  Chan  ice.  Wich  regard  co 
che  evaporacion  of  ace  Cone  Cask  the  younger  sCudenCs  in 
Che  sample  cended  Co  belxevs  ChaC  gas  has  no  weighc  and 
che  older  ones  ChaC  liquid  is  heavier  Chan  gas. 
Tlic  developmenC  of  conservacion  of  weighc  in  Che  processes 
of  dissolving  sugar  in  waCer  and  expansion  of  water  by 
heac  are  very  similiar  Co  che  developmenC  of  conservacion 
in  the  melcing  of  ice  Cask  (Fig. 2) 

Xnserc  Fig.  2 

The  younger  sCndenCs  who  did  noC  respond  correccly  Co  Che 
sugar  wacer  Cask  believed  Chac  che  sugar  waCer  is  heavier 
Chan  che  sum  of  Che  weighcs  of  sugar  and  wacer  because 
"sugar  is  heavy  and  ic  makes  Che  waCer  heavier".  The  older 
o^^es  Cen'^  id  Co  believe  chac  che  sugar  wacer  is  lighcer 
Chan  che  sum  of    che  weighcs  of   sugar  and  waCer  because 
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-Che  sugar  becomes  smaller  ana  smaller  until  it 
di^apears*** 

In  Che  expansion  of  water  task  the  majority  of  students 
thaught  chac  che  hoc  wacer  is  heavier  because  ics  volume 
Is  expanded.  BuC  few  of  che  older  scudenc  (grades  tUghC 
and  nine)  choughc  chdC  ''cold  waCer  is  always  heavier"  and 
some  even  explained  thac  che  densicy  of  cold  waCer  is 
larger* 

Ic  seems  chac  children  conscrucc  a  sec  of  inCuiclve  rules 
or  proposicions  regarding  che  correlacion  becweei.  che 
wetijhc  of  maccer  and  ics  scace*  The  rules  found  in  che 
case  of  evaporacion  were  :  I  -  gas  has  no  weighc;  II  - 
gas  always  weighs  less  Chan  liquid;  III  -  che  weighc  of 
gas  is  equal  Co  ch^  weighc  of  Che  liquid  from  which  Ic  was 
made*  The  following  rules  were  found  in  che  case  of 
melcing: 

I  -  liquid  weighs  more  Chan  solids;  II  -  liquids  has  no 
weighc;  III  -  liquids  weigh  less  Chan  che  solids;  IV  -  che 
weighc  of  a  liquid  is  equal  Co  ChaC  of  che  solid  from 
which  ic  was  formed* 

Similar  rules  were  found  regarding  dissolving  of  sugar  in 
waCer  (which  mighc  be  perc.eved  by  scudencs  as  melcing):  I 
-  sugar  wacer  is  heavier  Chan  the  cocal  weighc  of  sugar 
and  wacer;  II  -  che  dissolved  sugar  has  nc  weighc;  III  - 
ch«  weighc  of  che  sugar  waCer  is  smaller  Chan  che  CoCal 
weighc  of  sugar  and  waCer;  IV  -  che  weight  of  che  sugar 
waCer  is  equal  Co  che  sum  of  Che  weighcs  of  C*-9  sugar  and 
wacer* 

All  chese  rules  scem  from  inCuicive  feeling  char  'lildren 
have  regarding  "lighcness**  and  "heavyness"  of  maCCer  (or 
qroups  of  macerials)  which  is  an  incensive  **quancicy"  or 
proper  cy*  Tlie  child  refers  Co  che  incensive  quanclcy 
inscead  of  Che  excensive  quancicy,  weighc,  about  which  he 
was  asked*  Can  ic  be  assumed  Chat  Chii  child  does  noc 
properly  undersCand  che  meaning  of  che  cerm  weighc  and 
Chinks  chac  weighc  refers  r.o  che  specific  weighc  of  che 
macerlal?   This   Is  almost  definicely  noC   che  case*    Ic  is 
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clear  chac  from  a  very  young  age  children  undersCand  whaC 
Che  weight  or  heaviness  of  an  objecc  is,  and  know  chac  a 
large  body  of  a  cercain  maCerial  is  heavier  Chan  a  smaller 
body  of  che  same  material*  A  reversed  behavior  was 
observed  by  Piagec  and  Inhelder  (1974)  and  Megged  (1978) 
who  scudied  che  developmenc  of  children's  concepc  of 
densicy*  (see  Pig,  3)* 


Inserc  Fig,  3 


Children  were  asked  abouC  floating  or  densicy  -  an 
incensive  propercy  of  maccer,  and  chey  responded  as  if 
Chey  had  been  asked  abouC  weighc  which  is  an  eKCensive 
propercy  of  maCCt:r*For  example,  children  were  presenced 
wich  cwo  pieces  of  iron,  one  was  a  large  and  heavy  cube 
and  che  ocher  was  a  pin.  The  child  was  asked  Co  predicc 
whecher  che  objecc  would  sink  or  floac*  Children  under  che 
age  of  cweive  choughc  che  pin  would  floac  since  ic  was 
lighc  and  "lighc  chings  floac"*  ic  is  possible  to  explain 
this  difference  between  the  responses  as  follows*  The 
major  change  in  the  case  of  evaporation  is  change  In  the 
State  of  matteiT  which  is  expressed  as  a  change  in  density* 
V,hile  in  the  case  of  floating  the  main  change  is  in  the 
size  or  weight  of  the  piece  of  matter*  It  is  possible 
that  children's  cognitive  system  is  affected  by  the 
chan^jing  dimension,  such  as  density,  and  regards  it  as  the 
significant  dimension  in  the  problem  and  looks  for  ties 
which  are  appropriate  to  the  situation.  And  indeed,  some 
of  the  rules  presented  here  are  correct  in  other 
situations*  There  is  no  doubt  that  studying  chemistry  in 
the  seventh  and  eighth  grades  might  reinforce  these  rules 
(for   instance   "gas   weighs   less    than   liquid"    or  "liquid 


weighs  less  Chan  a  solid**}*  Apparently  che  Cerm  '*weighc** 
is  conrtecced  in  Che  child's  congnicive  sysCem  wich 
''specific  weighc"  and  "absolute  weight**  (and  probably  also 
wich  ocher  "weighc"  aspects  such  as  swings,  balance 
scales,  tree  fall,  etc*)  These  terms  are  not  defined  well 
enough  and  as  long  as  they  are  not  fully  differentiated 
the    child    can       use    rheo    according  the  specific 

characCericcics  of  che  situation* 

B*      The  effect  of  context  on  weight  conservation* 

Children's  responses  to  tasks  which  are  essentially 
identical  such  as  evaporation  of  acetone  and  evaporation 
(or  subiimat  Ion)  of  lodiue  were  cooipared*  The  iodine,  as 
opposed  to  the  acetone  has  color  a>i<j  can  be  seen  in  its 
gaseous  sCaCe*  As  can  be  seen  from  Fig*4*  many  more 
sCudenCs  In  che  fourch  Co  sevench  grade  conserved  Che 
weighc  of  iodine,  Chan  Chey  did    wich  regards  Co  ace  Cone* 


Inserc  Fig .4 


Children  In  chis  age  group  who  conserved  Che  weighr  of 
iodine  and  noc  ChaC  of  aceCone  were  clearly  reJatlng  Co 
che  face  chaC  chey  could  see  Che  maCeriol*  They  explained 
Cheir  answers  wich  expl'tn.ii  i<jns  similar  Co  chose  given  for 
Che  weight  conscrvacioa  of  the  clay  ball  Cask  (Piagcc): 
"che  crystal  becomes  crumbs  so  ic  is  ^.xaccly  che  same 
ching**  or  '*che  same  ching  ChaC  was  in  Che  cryscal  is  In 
che  tesc  Cube**  or  "since  L\u*  iji'yscai  dissolved*** 
From  Che  scvench  grade  on,  children  begin  Co  regard  weighc 
cofcservacion  of  Iodine  in  che  same  fashion  chaC  Chey 
regard  aceCone  and  cheir  expianattons  are  similar,  **only 
Che  sCaCe  of  maCCer  was  changed**  or  "noching  was  added  or 
s.bcracCed**.  A  few  children  refered  Co  parcicies  and  said, 
"che  pa).cici.e8   only  goC    f archer  aparc**.   BxplanaCions  Co 
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incorrect  answers  among  Chis  age  group  were  also  similar 
**gas  is  weighcless**  or  **gas  always  weighs  less  Chan  a 
solid*** 

Apparencly  specific  percepCual  inpuC  from  Che  Cask  affects 
children* r  JudgemeiiCs*  Beginning  in  Che  sevench  grade  che 
effecc  of  percepCual  inpuC  disappears  and  Che  perc^.ntage 
of  success  in  Clie  Cwo  differenC  casks  become  paraJlel*  One 
can  assume  ChaC  ac  chat  age  all  casks  of  change  oi:  state, 
are  represenCed  in  Che  same  way  and  chis  may  symbolize  Che 
beginning  of  formal  conserv«ilion* 

However,  cwo  melcing  tasks,  i.h»-  n'; Icing  of  ice  and  che 
melcing  of  candle  wax  show  closer  developmenCal  curv<»s 
(Pig. 5)* 

Inserc  Fig*  5 

And  che  deve IcpmeiiCal  curves  of  success  in  Che  sugar  waCer 
Cask,  expansion  of  waCer  Cask  and  evaporacion  of  iodine 
Cask  are  similar  Co  Chem*  Ail  chese  C.isks  dre  percepCually 
similar:  chey  are  concreCe  and  involve  change  in  Che 
volume  or  organizacion  of  maCCer*  Apparencly,  sCudenCs 
relace  Co  all  of  Chein  in  a  similar  way* 

Conservacion  of  weighc  and  Reversibilicy 

The  under^Canding  of  reversibility  was  noc  found  Co  be 
prerequisit  to  the  capability  of  weight  conservation* 
The  re  we  re  cases  in  which  chi  Id  ren  conse  -  yed  l^jh  t 
without  understanding  the  reversibility  of  the  process 
(melted  candle,  iodine  sublimacion)  and  (rare)  cases  in 
which  Che  children  undersCood  Che  reversibilicy  of  the 
nrucess  but  did  not  conbcrve  weight. 

It  turns  out  that  the  two  developmental  curves  of  the 
cuccess  in  the  reversibility  tasks  -  (  tlie  evaporation  of 
acetone  and  sublimation  of  iodine)  -  are  very  similar  (see 
figure  6).  Tlie  curves  are  linear  and  have  a  sharp  rise 
around  age   twelve-the   sevenc'a  grade   (at   age    fourteen  a 
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f«.ii  appears  which  is  different  for  each  of  Che  casks 
dpparenciy  because  of  over  sophiscicaclon  and  acceacton  Co 
Cechnicai  details  regarding  che  reversibixicy  of  che 
proce.sb).  These  faces  suggesc  chat  chiidren  represenc  che 
reversibiiicy  tasks  reiated  to  the  process  of  change  of 
state  from  iiquid  to  gaa  in  the  same  way  and  are  not 
affected  by  perceptuai  eieoents  of  the  task.  It  is 
possible  that  the  understanding  of  the  reversibility  of 
the  process  which  emerges  at  the  age  of  12  is  a  result  of 
school  learning  in  addition  to  che  development  of  formal 
thinking*  (The  structure  of  matter,  which  deals  with 
changes  in  states  of  ra-itter,  is  taught  in  the  seventh 
grade).  The  reversibility  curve  is  almost  identical  to 
that  of  the  conservation  of  weight  in  the  acetone 
evaporation  task,  which  is  the  most  difficult  of  the  task 
presented  here.  It  Is  therefore  possible  that  nhere  is 
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some  correlation  between  understanding  of  reversibility 
and  the  capability  to  conserve  weight  in  cas^s  in  which 
there  are  no  supporting  perceptual  elements,  ur  during 
ages  when  these  elements  do  not  serve  ao  supporting 
entities.  The  developmental  curve  of  success  in  the 
reversibility  of  melting  a  candle  also  Hevelops  gradually 
from  kindergarden  until  age  fourteen,  (see  ^ig.  7).  This 
curve  proceeds  that  of  reversibility  of  evaporation  by 
approximately  four  years. 

In  the  case  of  meting  ice  majority  of  children  betweeen 
the  Gges  of  ajLx  and  fourteen  undtr^tand  the  reversibility 
of  the  process  although  many  of  them  do  not  conserve 
weight  during  this  process.  It  U  possible  that  children 
of   these   ages  do   not    have   a  gene.-al  conception   of  the 


reversibility  of  the  rai»lti  process  but  judge  each  case 
specif icdJiy. 

Insert  Fig.  7 

Discussion 

Piaget  relates  the  capability  of  conservation  at  the  stage 
of  concrete  operations  to  the  development  of  logical 
operations.  As  it  turns  out  these  logical  operations  do  not 
suffice  to  e'^able  dealing  with  cerMia  conservation  tasks. 
Specific  knowledge  about  the  change,  and  about  the  properties 
of  the  quantity  in  question  and  about  the  boundaries  within 
which  it  is  conserved  is  necessary.  For  instance,  the  mass  and 
weight  of  matter  are  conserved  during  a  change  of  state  though 
its  vo lume  is  no t .  From  a  I  og ical  poi n t  of  v lew  t he  same 
logical  claims  of  reversibility,  identity  and  additivity  can  be 
made  regarding  mass  weight  and  volume.  In  addition,  in  many 
cases  of  chemical  changes  considerations  of  reversibiiicy  or 
identity  cannot  be  made  (there  are  irreversible  processes  and 
the  identity  of  matter  is  not  conserved  during  chemical 
processes);     none  the  less,  matter  is  conserved. 

Many  scientists  regard  the  lai^s  of  conservation  as 
empirical  laws  which  state  that  for  <i  given  system  of  objects 
there  exist  measurable  quantities  whose  total  amount  does  not 
change.  The  laws  determine  the  conditions  in  which  each 
quantity  Is  conserved* 

In  his  book  **The  Various  Language",  A.  Arons  (  1977)  wrote: 
*'The  law  of  conservation  o6  matter  cannot  be  proved  to  be  true 
by  some  system  of  deductive  reasoning  from  uore  fundamental 
principles .. .it  is  induced  from  a  limited  amount  of  empirical 
data.  We  have,  however,  over  a  period  of  200  years  come  to  hold 
a  very  deep  bcalief  of  its  validity". 

Obviously  children  do  lot  have  directed  empirical 
experience  which  would  lead  them  to  the  laws  of  conservation. 
Apparently  the  logical  operations  which  develop  with  the 
development  of  concrete  operational   thought,   are   those  which 


enable  children  at  ages  six  and  seven  Co  solve  certain  problems 
of  conservation*  The  question  arises:  Why  don*t  children  use 
these  logicai  operations  in  order  to  solve  other  conservation 
probleffls? 

In  this  paper  we  have  demonstrated  that  children  solve 
certain  conservation  problems  without  being  able  to  solve 
others.  We  have  also  shown  that  in  addition  to  the  logical 
operations  related  to  conservation,  children  have  much  factual 
knowledge  about  matter  which  changes  with  age  and  possibly  as 
a  result  of  formal  schooling.  We  will  try  now  to  answer  the 
question  posed  above. 

As  a  result  of  an  internal  representation  of  a  problem  a 
person  (or  a  child)  is  faced  with,  many  different  bits  of  his 
knowledge  are  activated  or  aroused.  These  bits  of  knowledge 
compete  with  one  another  over  the  problem  solving  mechanism  in 
such  a  way  that  the  strongest  knowledge  relevant  to  the 
prableis,  at  a  ^iven  moment »  overcomes  all  o^her  bits  of 
knowledge.  The  strongest  knowledge  relevant  to  the  problem  will 
be  chat  which  will  affect  the  person  in  his  solution  of  the 
problem.  So  even  if  the  appropriate  knowledge  exists  in  tue 
cognitive  system  it  will  not  always  be  expressed  in  solving  the 
problem.  This  explanation  enables  us  to  understand  the 
horizontal  decalage  found  in  this  r-esiisrch  and  othtfs  regarding 
Weight  conservation  problems »  and  the  non-linear  development  of 
the  euccess  in  these  tasks.  For  instance »  half  of  the  children 
above  the  age  of  sevet.  conserved  weight  in  the  melted  candle 
task  using  logical  additivity  Justifications »  the  other  half 
used  their  knowledge  that  a  solid  candle  wa*;  heavier »  whereas 
they  all  responded  correctly  Lo  the  weight  conservation  task 
with  the  plasticine.  In  the  case  of  the  plasticine  apparently 
no  competitive  knowledge  is  activated  which  explains  the  high 
degree  of  success.  In  the  case  of  the  Ccindle  two  sets  of 
knowledge  of  equal  strength  are  probably  used. 

Among  the  older  children  (ages  eight  to  nine)  the 
knowledge  that  the  solid  candle  is  heavier  strengthens  as  the 
result  of  experience  in  th^  physical  world  and  successful  use 
of   this  knowledge   in  solving  uther  types  of  problems  (solids 
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usually  have  higher  specif ic  weights  than  the  corresponding 
liquids) »  so  the  percentage  of  success  drops  and  then  rises 
again  in  the  sixth  and  seventh  grades  (ages  eleven  and  twelve) 
when  the  knowledge  that  solids  are  heavier  Is  channeled  to 
relevant  problems  and  no  longer  competes  with  the  logical 
operations  relevant  to  conseivatiun.  This  process  of  finding 
the  boundaries  within  which  one*s  knowledge  is  applicable  may 
lead  one  to  identify  (even  unconsciously)  a  problem  and  relate 
to  it  according  to  its  type  or  category  (even  if  the  response 
is  incorrect).  In  such  a  case  the  person's  response  will  not  be 
affected  by  irrelevant  perceptual  information  and  the  solution 
will  deal  with  the  type  and  essence  of  the  problem  ->  that  is  a 
more  formal  or  abstract  response.  In  addition,  the  different 
bits  of  knowledge  may  get  temporary  support  from  immediate 
perceptual  inputs  of  the  task  verbal »  visual  or  that  which  is 
related  to  the  dynamic  aspect  of  the  task.  In  summary  the 
different  types  of  knowledge  that  exist  in  the  cognitive  system 
of  the  child  regarding  certain  physical  entities  compete  with 
one  another  and  with  the  correct  knowledge  which  also  may  exist 
in  the  cognitive  system.  This  is  a  dynamic  competition  between 
the  different  knowledge  systems  in  which  the  strongest 
knowledge  prevails.  In  our  case  the  children  have  tne  operative 
knowledge  necessary  to  solve  the  weight  conservation  problcius 
but  instead  they  use  irrelevant  knowledge  which »  at  certain 
ages  or  situations,  is  quite  strong. 

This  reciprocal  game  between  the  different  knowledge 
systems  is  a  progressing  process  through  which  the  child 
gradually  learns  the  boundaries  within  which  his  knowledge  is 
applicable.  It  is  possible  that  the  expansion  of  knowledg . 
starts  with  instances  in  whicii  positive  reinforcement  exists 
for  correct  knowledge  from  immediate  perceptual  input  and  from 
those  transfered  b^*  analogy  to  similar  cases  in  which  it  does 
not. 

Applications  for  science  instvucnion 

We  will  divide  the  discussion  on  instructive  applicdtiuns 
into    two    parts:    The    first    part    will    deal    with  specific 
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appiicanions  regarding  educaiton  in  the  subject  of  "The  states 
of  matter**.  The  second  part  will  be  more  encompassing  and  will 
deal  with  science  teaching  in  general* 

a*  Specific  applications 

The  law  of  conservation  of  matter  was  a  breakthrough  to 
the  particulate  theory  of  matter  and  modern  chemistry  and  one 
can  assume  that  it  is  basic  knowledge  that  sUox:ld  be  used  to 
develop  the  particulate  theory  and  modern  chemistry  among 
students  also/  Results  of  this  research  sbjw  that  only  30Z  of 
thp  seventh  grade  students  understand  the  conservation  of 
matter  in  the  process  of  evaporation;  The  particulate  theory  of 
matter  is  taught  on  the  basis  of  this  faulty  knowledge.  This 
may  be  the  reason  that  no  students  In  the  seventh  grade  and 
only  15Z  in  the  eighth  and  ninth  grades  used  the  terms  from  the 
particulate  theory  in  their  explanations.  In  lif^'  "  of  these 
results  we  recomioend  teaching  the  conservation  oi  weight,  at 
least  regarding  changes  of  stattir  of  .at^er,  before  beginning 
to  deal  wiLh  the  partlcluiate  theory  and  with  chemistry  and 
while  teaching  these  subjeu  i  to  emphasize,  and  expantl  the 
conception  about  conservation  of  matter  regarding  chemical 
proceescs  als'). 

Insti^ctioa  o'  conservation  of  weight  should  be  done  in 
Che  following  aequince:  Ci)  conservation  in  translocation  - 
crumbling  a  lump  o  .olid  intv/  powder,  (2)  coi...orvation  during 
raeining,  ditjjfoiving  and  in  changes  of  volume  (of  solids  and 
liquids)  during  heating  (or  cooli  igy  (3)  changes  of  solids  or 
liquids  to  gas  (one  should  start  with  materials  which  have 
clear  perceptual  properties  in  the  gaseous  state),  and  changes 
of    volume  gas     (heating    or    compressing)     (4)  chemical 

reactionsins  which  do  not  involve  evolution  or  absorption  of 
gasfis,  (5)  chemical  reactions  in  which  gas  Is  evolved  or 
absorbed . 

Ip  all  these  transformations  the  reversibility  of  process 
must  be  regarded  as  must  the  conservation  of  qualitative 
properties  both  in  piocesses  in  which  the  identity  of  the 
matter  is  conserved  and   they  are  reversible  and  ir     hose  that 
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the  identity  of  the  matter  is  not  conserved,  nor  are  they 
reversible. 

B.  Pedagogic  applications 

When  a  new  phenomenon,  .erm,   law  or  theory  is  being  taught 
one   should    try   to   begin   with  an   example   for   which    there  is 
maximal    per-eptual    reinforcement    for    correct  intuitive 
knowledge.  For  instance,  in  weight  conservaLion  In  the  process 
of  evorporation  one  should  start  (at  an  appropriate  age)  with 
colored   matter    (such    as    iodine)    in    order    to    reinforce  the 
intuitive  knowledge   that  exists,    that  weight   is   conserved  in 
this  case.  Only  then  should  one  proceed  by  analog,    to  cases  in 
which     the     perceptual     reinforcements     are     diminished  (for 
instance  colorless  matter  with  smell  and  then  colorless  matter 
with    no    smell).    When    instructing    science    it    is    common  to 
present   ideas   or   new  phemmu'iia   with    the   most  characteristic 
examples   Isntead   of   those   with   the   most   perceptual  elements. 
For    instance    in    the    subject    of    gases    examples    of  oxygen, 
nitrogen,    carbon    dioxide,    ammon  a,    etc.    are    given    but  not 
iodine,  bromine,  chiori..:  or  nitrogen  oxide  which  are  colored. 
The    opo'     ^>    is    a^pi    true    -    in    cases    in    which    the  common 
t/;*lc  i        .    ;ars  have   strong  perceptr  *    reinforcements  other 
exam^  ^  not  usually  given.   For   instance,  whfl.*  teaching 

the  ter!J  liquid  the  common  examples  of  water,  oil,  etc.  are 
given.  These  have  strong  perceptual  elements  which  help 
classifying  ther  as  liquids.  If  this  is  not  augmented  with 
example*,  of  viscous  liquids  or  powders,  nothing  is  added  to  the 
existing  intnitivi  knowledge.  This  type  of  instruction  ehould 
be  tried  a  d  tested.  It  demands  knowJedge  about  the  intuitive 
ideas  that  childre-  have  at  different  ages  about  phenomena, 
terms  or  ideas  related  to  science. 

2.  Since  we  saw  thai  the  success  of  solving  a  problem  depends 
on  the  dynamic  competition  between  the  different  bits  of 
knowledge  in  which  the  stronger  knowledge  prevails,  it  is  clear 
that  the  child  should  be  assittd  in  strengthening  the  correct 
bits  of  knowledge  in  his  cogp'ive  system,  and  should  be  helped 
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Co  find  the  boundaries  within  which  lULs  knowiedge  can  be 
appiied*  This  can  be  done  by  giving  the  students  chances  to  use 
their  knowiedge  in  soiving  different  problems  and  tc  allow  them 
to  propose  hypotheses  and  examine  Chem  in  light  of  the  physical 
reality* 

3*  We  have  seen  that  during  Che  process  of  acquiring 
conservation  of  weight  skills  the  child  goes  through  a  stage  in 
which  he  reacts  and  responds  to  all  evaporation  problems  in  the 
same  fashion  (even  if  incorrectly  so)  and  dees  not  reJ  t  to 
any  irrelevant  elements.  This  attitude  enables  correct 
responses  to  this  to  type  of  question  at  a  later  st.'it,^.  Fco'n 
thic  we  see  that  the  relation  to  '-he  type  and  the  essence  of  a 
problem  and  relating  it  to  the  characteristic  category  of 
problems  can  be  an  important  stage  towards  the  c;"  ability  of 
solving  such  problems  and  towards  acq»iring  the  general 
knowledge  relevant  to  them. 
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USING  THE  PERSONAL  INTERVIEW  TO  DETERMINE  STUDENT 
MISUNDERSTANDINGS  IN  SCIENCE  AND  SOME  SUGGESTIONS 
FOR  ALLEVIATING  THOSE  MISUNDERSTANDINGS 

Joseph  Stepan8»  University  of  Wyoming 

Steven  Dyche,  Appalachian  State  University 


Students  coming  into  a  learning  environment  bring  their 
own  conceptions  of  the  world.    These  conceptions  are  not 
necessarily  those  of  scientists  that  are  accepted  as 
"correct"  by  curriculum  writers  and  teachers.    Despite  what 
teachers  think  about  science  concepts,  many  students 
maintain  their  early  and  erroneous  concepts  of  the  world  for 
several  years,  and  even  into  adulthood. 


This  paper  will  focus  on  the  following  questions: 


1.  What  are  students'  misunderstandings  of  some 
common  science  concepts? 

2.  What  is  the  pattern  in  students' 
roisunderstandm^ts  of  concepts  at  different 
educational  levels? 

3.  What  instructional  practices  can  be  used  to 
bring  about  a  conceptional  change  in  students? 


I.     To  address  the  first  question,  we  would -report  on  two 
studies  [11,12].    In  both,  a  group  of  randomly  selected 
elementary  school  children  was  interviewed  on  such  common 
science  concepts  as  living  vs.  non-living  and  weather. 

lA.    The  subjects  for  this  study  were  selected  from 
four  different  classes  —  two  second  grades  and  two  fifth 
grades  —  in  two  different  schcols.    One  second  grade  and 
one  fifth  grade  used  textbooks  as  a  basis  for  instruction. 
The  other  two  classes  used  Elementary  Science  Study  (ESS) 
and  other  hands-on  activities  as  their  science  programs. 
Fifteen  students  were  randomly  selected  from  each  of  the 
four  classes. 


Interviews  began  with  a  general  question — for  example, 
"What  is  wind?"   The  next  questions  depended  on  the  answer 
that  the  child  had  given.    Subsequent  questions  were  also 
tailored  to  the  child's  responses  and  were  designed  to  probe 
the  child's  understanding  of  the  topic.    As  the  following 
sample  interview  with  an  11  year  old  shows,  continued 
questioning  sometimes  uncovered  misconceptions  beneath  what 
had  looked  like  a  solid  grasp  of  a  concept: 

Interviewer:    What  is  rain? 

Child:    It's  water  that  falls  out  of  a  could 

when  the  clouds  evapora.e. 
Interviewer:    What  do  you  mean  clouds 

evaporate? 

Child:    That  means  water  goes  up  in  the  air 
and  then  it  makes  clouds  and  then,  when  it 
gets  too  heavy  up  there,  then  the  water 
comes  and  they  call  it  rain. 

Interviewer:    Does  the  water  stay  in  the  sky? 

Child:    Yes,  and  then  it  comes  down  when  it 
rains.    It  gets  too  heavy. 

Interviewer:    Why  does  it  get  too  heavy? 

Child:    'Cause  there's  to    much  water  up 
there. 

Interviewer:    Why  does  it  rain? 

Child:    'Cause  the  vater  gets  too  heavy  and 

then  it  comes  down. 
Intervie'.'er:    Why  doesn't  the  whole  thing  come 

down? 

Child:    Well,  'cause  it  cojres  dowr  at  little 
times  like  a  salt  shaktr  when  you  turn  it 
upside  down.    It  doesn't  all  come  down  at 
once  'cause  there's  little  holes  and  it 
Just  comes  out. 


Interviewer:    What  are  the  little  holes  in  the 
sky? 

Child:    Ummm,  holes  in  the  clouds,  letting  the 
water  out. 

After  the  interview,  a  child's  responses  were  placed 
into  one  of  five  developmental  categories  based  on  the  work 
of  Piaget  and  on  Fuson's  later  discussions  of  Piaget  [7,  4], 
These  stages,  called  feelings  of  participating,  animism, 
artificialism,  finalism,  and  the  true  causality,  are  briefly 
described  below.    Each  description  includes  a  student 
response  illustrating  that  particular  stage: 

1.    Feelings  of  participation.    The  child  thinks  he 
or  she  participates  in  the  actions  of  nature. 
Sometimes  these  feelings  are  accompanied  by  a 
belief  in  magic. 

Interviewer:    What  makes  the  clouds  wove 
along? 

Ten  year  old:    It's  when  you  walk. 

2.    Animism.    The  .hild  attributes  life  and 
consciousness  to  inanimate  objects. 

Interview 3r:    What  is  rain? 

Seven  year  old:    Clouds  think  it*s  too  hot, 
and  one  day  they  start  sweating.  I 
guess  they  start  sweating  and  then  the 
sweat  falls  on  us. 
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3.    Artificialism.    The  child  thinks  that  things 
happen  for  the  good  of  human  beings  and  other 
living  things. 

Interviewer:    Why  does  it  rain? 
Eleven  year  old:    To  give  us  moisture  and 
the  betcer  our  crops  grow. 

A,    Finalism,    The  child  thinks  that  there  is  an 
explanation  for  everything.    (The  explanation 
is  not  scientifically  accurate,  and  it  does  not 
fall  within  the  categories  already  mentioned). 
We  identified  two  major  subgroups  within  this 
category. 

4a.  Religious  finalism.  In  theso  explanations,  the 
child  refers  to  supernatural  causes  such  as  God 
and  angels. 

Interviewer:    What  is  thunder? 

Five  year  old:    Thunder  is  when  God  becomes 

mad  at  all  of  the  angels. 
Interviewer:    IVhat  is  lightning: 
Five  year  old:    The  noise  that  the  angels 

make  when  they  are  crying  after  God  had 

yelled  at  them,  like  Mom  does  to  me. 
Inte   'iewer:    What  ±c  rain? 
Five  year  old:    The  tears  of  God  and  the 

angels  crying  after  they  have  made 

friends  again. 

4b.  Nonreligious  finalism.    In  these  explanations 
the  child  makes  no  reference  to  the 
supernatural. 


interviewer:    What  is  snow? 
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Seven  year  old:    There  are  white  mountains 
where  white  bears  live  and  they  cut  out 
snowf lakes  and  they  would  spread  them 
all  over. 

5.    True  causality.    The  child  gives  an  accurate 
explanation  for  the  physical  phenomenon. 

Interviewer:    IVhy  does  it  rain? 

Eight  year  old:  'Cause  water  evaporates  up 
in  the  sky  and  it  forms  that  cloud,  and 
the  cloud  drops  get  too  heavy. 

A  given  student* s  answers  to  questions  about  clouds 
might  fall  into  a  different  category  from  his  or  her  answers 
about  thunder »  go  we  generalized  about  a  student's 
understanding  of  weather  according  to  which  developmental 
stage  predominated.    For  example,  student  #10,  from  the 
second  grade  class  using  the  hands-on  approach,  gave 
religious  finalistic  responses  to  questions  on  thunder, 
artificialistic  responses  to  questions  on  rain,  and 
nonreligious  finalistic  re?3ponses  to  questions  concerning 
wind,  clouds,  lightning,  snow,  and  rainbows.    Based  on  the 
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frequency  of  responses,  we  identified  this  student  as  one 
with  a  nonreligious  finalistic  view  on  the  concept  of 
weather. 

What  We  Found 

Our  results,  summarized  in  Table  1,  showed  that,  while 
some  students  in  fifth  grade  had  reached  the  stage  of  true 
causality,  the  majority  of  student  in  both  grades  were  at 
the  stage  ot  nonreligious  finalism.    The  data  and  analysis 
results  pr*  ided  support  for  the  following  statements: 

*  The  only  animistic  views  were  given  by  second 
graders  using  textbooks. 

*  More  second  graders  gave  religious  finalistic 
responses  than  fifth  graders. 

*  Although  no  second  grader's  understanding  of 
weather  had  attained  the  true  causality  stage, 
nearly  25  percent  of  fifth  gr.-  ders  had  reached  that 
stage. 

Table  2  shows  the  percentages  of  students  from  each 
class  who  gave  true  causal  responses  for  eacfi*  of  the  seven 
phenomena.    The  following  statements  were  supported  by  the 
data  and  the  analysis: 

*  More  second  graders  who  were  using  the  hands-on 
approach  gave  true  causal  responses  to  questions 
about  wind  and  rain  than  second  graders  using 
textbooks. 

*  More  fifth  graders  who  were  using  the  hands-on 
approach  gave  true  causal  responses  to  questions 
about  clouds,  snow,  and  rainbc/s  than  fifth 
graders  using  textbooks. 


*  More  fifth  graders  using  textbooks  gave  true 
causal  responses  to  questions  about  rain  than 
fifth  graders  using  the  hands-on  approach. 

*  More  fifth  graders  gave  the  true  causal  respunsps 
than  second  graders  on  all  topics  except  thunder. 

*  no  one  gave  a  true  causal  response  to  questions 
about  thunder. 

*  More  Students  using  the  hands-op  approach  gave 
true  ccusal  responses  to  questions  about  wind 
clouds,  snow,  and  rain  than  students  who  were 
using  textbooks. 


T'ble  2  

Children  in  T«t  Croup  Civing  True  Caunl  Rr5pon»e» 
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IB.    The  nature  of  life  and  of  what  it  means  for 
something  to  be  alive  are  ideas  commonly  encount^  ad  by 
children.    Elementary  science  textbooks  begin  developing  the 
concept  of  "living  things"  as  early  as  kindergarte.  by 
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giving  examples  of.  ^nd  making  distinctions  between,  living 
and  non-living  things.    By  second  grade,  some  textbooks  have 
presented  fairly  comp'^'ite  definitions  of  the  concept  of 
life.    Do  children  incorporate  these  texubook  definitions 
into  their  personal  world  view?    Or,  do  more  "primitive" 
conceptions  of  "life"  persist,  in  spite  of  our  textbooks  and 
teaching?    Cur  second  study  was  designed  to  find  answers  to 
those  questions  by:    1)  identifying  conceptions  of  "living" 
sn"  "non-living"  held  by  a  group  of  fifth  graders,  and  2) 
examining  the  way  concepts  of  "living"  and  "non-living"  are 
presented  in  the  elementary  science  textbook  to  which  the 
students  had  been  exposed. 

Thirty  students  were  randomly  selec*:ed  from  a  group  of 
102  fifth  graders  from  two  different  schools.    Each  of  the 
30  fifth-graders  was  individually  interviewed  concerning  11 
living  and  non-living  objects.    The  living  o>>jects  were  a 
worm,  a  leaf,  a  tree,  and  a  flower.    The  non-living  things 
consisted  of  the  sun,  a  candle,  a  bicycle,  wind,  a  vo''cano, 
vater,  and  lightning. 

The  interview  strategy  and  some  of  the  objects  used  were 
modeled  after  those  used  by  Piaget.    Each  ir.  ,erview  lasted 
15-20  minutes  and  was  recorded  on  tape.    The  interview  went 
son  ,t,*  .ng  like  this:    "John,  is  the  sun  alive?"  Following 
the  child's  response,  the  interviewer  asked,  "Why  do  you 
think  so?"    After  responding  to  the  11  items,  the  child  then 
was  asked:    "What  does  it  mean  for  something  to  be  alive?" 

Table  3  shows  the  number  of  students  and  pe    .ntage  who 
said  an  inanimate  object  given  was  alive.    Ou-  of  30 
students  interviewed,  a  great  many  attributed  life  to 
non-living  objects. 
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TABLE  '4 

Is  the  duii  alnv? 

a  candle  alnv^ 

No,  because  .  . . 

•  Too  hot  for  anybody  to  li\'e  on  \i. 

•  Doesn't  haw  heart. 

•  Doesn't  eat. 

•  Doesn't  move. 

•  Doesn't  do  anvlhing  but  glow. 

•  Made  of  clouds  of  2ases. 


So.  bccauiC 

Doesn't  havt-  heart 
DiHjsn't  move 
All  It  docs  iS  burn 

You  have  to  make  It  move  through 

vour  strength 

Voa  can  bloiv  it  up 

Doesn't  have  brain 

Hflve  to  light  It  to  make  it  ahve. 

l-js' sits  there 

'\  a\    not  ahve 

rl.ime  eat*  put  not  much. 


h  a  bicycle  alti'c^ 


h  n  ivlcano  alii'C^ 


Ko.  because .  . 

-  Can't  move  by  itself 

•  It's  made  of  metal,  tube  and 
rubber. 

•Can't  talk. 

•  It  takes  human  p  ^wer  to  move  it. 

•  It's  dead  until  you  get  on  it. 

•  Doesn't  eat. 

-  Just  sits  there  unless  you  decide  to 
move  it, 


\o,  because   .  .' 

•  It's  made  of  dirt. 

•  Doesn't  move  bv  itself 

•  It  IS  just  niade  of  hoi  stuff 


h  uxtter  ahiv! 


Is  lt;^l.ti:tn^  fl/i:t ' 


Is  uund  fl/iiv^ 


N*o,  because  .  .  . 

•  Doesn't  eat  anything. 

•  Doesn't  grow. 

•  }ust  silsor  juStruns. 
•You  can  do  anything  >ou 

want  with  it. 

•  Can't  f;et  up  and  walk 
around  by  itself. 

•  Doe.sn't  need  ar^ything  to 
grow. 


No,  because  .  . 

•  Comes  around  once  in 
awhile. 

•  Doesn't  eat  anything 

•  Doesn't  grow. 

•  It  isn't  around  all  the 
time,  only  when  n  wants 
to  rain. 


No,  because  .  .  . 

•  It's  )ust  air  that  is  floating. 

•  Doesn't  need  food  or 
water 

•  Doesn't  have  heart  or 
anything 

•  Lord  has  to  make  it 
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Table  4  summarizes  the  reasons  given  by  these  students 
as  to  why  they  thought  an  inanimate  object  was  alive.  The 
responses  were  listed  in  order  from  most  to  least  frequent. 
These  responses  are  particularly  interesting  in  light  of  the 
fact  that  roost  of  these  students  had  studied  the  concept  of 
living  and  non-living  as  part  of  their  science  program  for 
five  or  six  years. 


TABLE  "5 


is  the  sun  alnv^ 


Is  a  Candle  alive? 


'Ves,  because  .  . 

-  Itshines. 

•  It  pours  heat. 

-  It  IS  moving. 

•  It  has  energ)'  which  keeps  us  alive. 

•  It  got  earth  together  to  make  life. 

•  It  keeps  the  solar  system  and 
universe  alive. 


Yes,  because .  . 

•  It  has  fire 

-  The  flame  is 

-  It  burns 

•  It  IS  moving. 

-  When  you  light  it  you  give  life  to 
It. 

-  It  's  made  of  wax  and  wax  was 
once  a  living  ♦hing 


h  a  bicycle  alw? 


Is  a  volcano  ahve 


Yes,  because  .  .  . 

-  It  moves  and  it  turns 

•  When  you  nde  it,  it  is. 

-  You  can  pedal  it. 

•  Chains  and  gears  work. 


Yes,  because  .  . 

•  Can  explode. 
-  Can  erupt. 

•  It  erupts  when  it  wants  to 

•  We  sav  It's  "active  " 


/>  iLKiter  alive 


Yes,  beca'is^ .  . 

-  It  moves 

•  It  flows. 

•  Running  water  i  . 

•  It  has  insects,  fish,  bacteria 
and  plants  living  in  it. 

-  Is  made  of  hving 
molecules. 

-  ltdissovles 

It  gets  hot,  evaporates, 
goes  to  the  .".y,  gets  big 
and  then  gcis'down 


is  hghtnui^  alivc^ 


Yes,  because 

-  It  strikes. 

-  It  moves 

•  It's  full  of  electricitv. 

-  It  gives  out  light  and  can 
show  you  thnp^s 

-  It's  partly  fire  and  fire  is 
slive,  because  humans 
can't  mak?  it 

•  It  can  shock  you 

•  It  makes  noise 


Is  VCiUd  .Uivc? 


Yes.  because .  . 

•  It  rr.oves 

-  It  blow<  If  ii  didn'»  it'ii  be 
dead 

•  It  can  jZrow. 

-  It  has  molecules. 


Table  5  summarizes  reasons  given  by  thos*^  students  who 
said  the  inanimate  object  was  not  alive. 

None  of  these  students  had  difficulty  identifying 
living  things  such  as  a  tree,  a  flower,  a  worm,  and  a  leaf, 
xextbooks  usually  mention  these  things  as  examples  of  living 
things.    The  reasons  that  children  gave  for  the  living 
things  to  be  alive  to  a  large  extent  matched  the  criteria 
provided  by  most  elementary  science  textbooks  for  living 
things.    The  most  frequent  reasons  given  included  movement, 
growth,  needing  food  and  water. 

However,  the  results  of  Tables  4  and  5  show  that  most 
children  focus  on  only  one  attribute  of  the  object.    In  aost 
cases  an  action  of  the  object  seemed  to  be  a  sufficient 
condition  for  the  child  to  call  it  a3ive.    The  majority  of 
those  who  said  lightning  was  alive  gave  striking  and  moving 
as  criteria.    Other  actions  used  as  criteria  included  the 
ability  to  explode  or  erupt  as  in  the  case  of  the  -olcano. 
bome  students  considered  the  sun  and  the  candle  to  be  alive 
because  of  their  ability  to  prod    -  heat  and  light. 

Some  students  who  said  that  the  inanimate  objects  were 
not  living  used  the  absence  of  certain  organs  like  heart, 
brain,  arms,  or  legs  as  justification.    Others  used  the  lack 
of  certain  functions  such  f^s  eating,  breathing,  growing,  and 
inability  of  the  objer-  to  do  things  ^/n  its  own  as  criteria 
for  3omething  not  being  alive. 

Table  6  summarizes  students*  responses  to  the  question, 
"What  does  it  mean  for  something  to  De  alive?"    Most  of  the 
responses  deal  with  attributes  associated  with  living  things 
and  are  given  in  elementary  science  textbooks  and/or  deal 
with  animal  cnaracteristics  such  as  having  feelings, 
walking,  or  being  happy. 


TADLE  6  ^Vhat  Docfi  U  Mean  fo;  Something  to  be  Alive? 
(in  order  of  frequency) 


•  To  move,  dnnk,  and  cat. 

•  To  move,  to  grow,  and  to  breathe  air 

•  Moves,  walks,  and  talks. 

•  Move  and  have  feeling. 

•  It  can  live. 

•  To  move  and  have  fun. 

•  To  be  able  '   think,  to  move,  to  grow. 

•  Is  independent,  can  move  withoil  an\  thing  else's 
power,  can  get  its  own  food  and  water 

•  Live  without  humans. 

•  To  grow,  to  ieam  things^  and  live  in  a  house. 

•  To  be  happy  and  have  friends. 

•  To  have  to  feed  it. 

•  To  be  a  human  being. 


The  results  of  these  studies  suggest  that  the  children 
included  in  these  studies  were  not  capable  of  applying  or 
transferring  the  information  covered  in  their  textbooks. 

The  results  reported  here  are  indications  of  what  Sund 
refers  to  as  "pseudo  learning"  [15].    Children  are  forced 
"to  parrot"  information  and  quite  ofl2n  we  are  deceived 
aDout  what  is  learned  and  what  is  not  because  in  our 
evaluation  what  we  require  children  to  do  is  parrot  bac".*  to 
us  what  we  have  given  to  theio. 

Sund  illustrates  this  point  with  a  story.    It  seems 
that  Piaget  and  his  son  were  walking  past  a  lake.  Piaget 
asked  his  son,  "How  was  the  lake  formed?"    His  son  replied, 
"A  giant  threw  a  rock  and  made  it."    Piaget  told  him  that  it 
was  not  so  and  described  how  the  lake  had  been  formed  by  a 
glacier.    He  then  asked  him  to  repeat  his  explanation  to 
ensure  that  the  boy  understood,  and  it  appeared  triat  the 
child  did.    Several  months  later,  Piaget  and  his  son  again 
passed  the  same  xake.  and  Piaget  asked  him  how  it  was 
formed.    The  boy  said,  "A  giant  threw  a  rock  and  made  it." 
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The  explanation  was  maintained  in  spite  of  the  previous 
efforts  of  the  child's  father.    The  point  is  that  it  was  too 
early  to  introduce  the  concept  and  the  child  was  not 
cognitively  ready  to  incorporate  the  adult's  explanation  for 
the  information  of  the  lake* 

The  results  of  this  study  cause  us  to  asic  such 
questions  as:    Do  we  give  the  ch^ld  the  opportunity  to  share 
his  views  in  the  learning  process?    Do  we  have  him  see  that 
there  are,  in  fact,  other  viewpoints  on  the  same  concept  ard 
that  the  viewpoint  of  the  bock  and  the  teacher  is  just 
another  one?    Are  we  in  a  hurry  to  correct  the  child's  view 
and  present,  or  impose  on  the  child  the  adult's 
(scientist's)  view  of  things? 

We  try  to  teach  by  lecturing— telling,  rather  than 
providing  the  learner  with  the  opportunity  to  remove  his 
naive  conceptions  ?n  an  effective  manner.    We  spend 
considerable  time  and  children  use  much  of  their  energy 
trying  to  learn  concepts  like  living  and  non-living. 

The  student's  inability  to  understand  the  concept  and 
to  app^y  information  may  stem  from  some  of  the  following 
factors: 

*  the  concept  was  introduced  too  early; 

*  the  concept  was  no    developed  properly; 

*  no  attention  was  given  to  what  the  child  brought 
to  the  learning  environment; 

*  the  concept  was  intrjduced  only  verbally — no 
"hands-on"  or  other  interaction  with  the  ideas 
took  place. 
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As  educators  we  should  take  the  time  to  talk  to  students, 
to  find  out  how  they  view  things,  and  to  try  to  incorporate 
their  way  of  looking  at  things  in  the  development  of 
^  jncepts.    We  should  provide  the  learner  with  some  ownership 
in  the  development  of  the  concepc.    We  should  give  students 
the  opportunity  to  see  that  it  is  perfectly  acceptable  to 
have  different  viewpoints  on  a  given  phenomenon  or  concept. 
If  we  educators  believe  that  a  major  purpose  of  education  is 
to  remove  the  misconcey^ion  held  by  the  learner,  we  need  to 
(a)  identify  the  naive  conceptions  held  by  learners,  and  (b) 
decide  on  proper  time  and  effective  methods  to  lemove  those 
naive  conceptic 

Researchers  in  this  area  laaintain  that  educators  needs  to 
look  at  and  start  with  the  learner's  view  and  conception  of 
the  topic  at  hand  [2,  3,  6,  10,  and  16].    Some  of  these 
authors  recommend  that  in  order  to  bring  about  significant 
accommodations  in  the  learner,  the  following  steps  should  be 
taken,  when  introducing  a  new  science  concept: 

*  Provide  the  learners  with  a  ch  illenging 
situation — a  situation  which  will  bring  to 
surface  students'  preconceptions  (a  discrepant 
event,  for  example). 

*  Allow  students  to  share  their  views  on  the 
situation  with  others  in  the  learning 
environment. 

*  Present  the  "correct"  view  as  just  another  view. 

*  Provide  students  with  the  oppor'junity  to  discuss 
the  pros  and  cons  of  each  view  presented 
(including  the  "correct"  view)  and  if 
appropriate,  test  the  various  views. 


*  Kolp  students  in  their  search  for  solutions  and 
accomraodations—do  not  continually  provide 
"ready-oade"  knowledge. 


II.    In  raising  our  second  question,  we  were  interested  in 
the  conceptual  change  between  students  at  different 
educational  levels  [13].    The  example  we  chose  for  this 
purpose  deals  with    sinking  and  floating  of  objects  in 
liquids,    ^^e  used  the  clinical  interview  for  detecting 
students'  level  of  understanding  conceptions  and  conceptual 
change.    During  the  interviews  we  used  items  similar  to 
those  employed  by  Carpenter  [1]  at  the  University  of 
Nebraska;    a  small  wooden  cube,  a  large  wooden  cube,  a  sruall 
metal  cube,  a  looped  wire,  a  large  metal  cylinder,  a  small 
metal  cylinder,  an  aluminum  sheets  a  crumpled  aluminum 
sheet,  a  clay  ball,  a  clay  pot,  a  jar  lid,  and  a  jar  lid 
with  holes.    The  objects  enabled  us  to  evaluate  how  students 
related  the  facts  of  mass,  volume,  density,  surface  tension, 
water  pressure  and  buoyancy  to  sinking  and  floating. 

Ue  began  each  interview  with,  "If  I  place  this  object  in 
this  much  water,  will  it  float  or  will  it  sink?    \^hy?"  We 
formulated  the  follow-up  questions  according  to  the 
student *s  response.    If  a  student  said,  "This  object  will 
float  because  it  is  made  of  wood,"  the  interviewer  might 
ask,  "Does  wood  always  J^oat?"    If  a  s'adent  said,  "This 
object  will  sink  because  it  is  heavy,"  the  interviewer  might 
ask,  "Are  all  ships  that  float  on  water  light?" 

To  organize  our  dat«\,  we  categorized  the  responses  as 
complete  understanding  (CU)  when  students  were  correct  in 
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their  predictions  and  gave  a  competely  correct  explanation; 
as  partial  understor.ding  (PU)  when  they  gave  partially 
correct  explanations,  although  their  predictions  may  have 
been  correct;  and  "    no  understanding  (NU)  when  they  gave 
incorrect  pre'iictions  and  incorrect  explanations. 


Figure  1.  Ptrctntjge  of  «lu<lenU  who  under»Und  conccft*  related  lo  fink/Hoal  concepts. 
SlU(Jenls  display  comptete  undertUndmg  (CU),  part^l  understanding  (PU).  or  no  under- 
stamftng  (NU). 

Pftmary  (K-3)     I  itermediale{4-6)    Junior  High  (7-8)  College 
Ns36  N=40  N=56  N=52 

Obiecl  CU  PU  NU         CU  PU  KU  CU  PU  NU         CU  PU  NU 

0  62  38  0  78  22  2  84  14  2  70  28 

0  88  12  0  90  10  31   5  2  78  20 


Large  v/ooden 
cube 


Small  wooden 
ci'De 


Small  metal 

cut>c  O  100  0  0  97  3  0  98  2  0  100  0 

Looped  wire  O  38  62  0  72  28  0  34  66  2  53  40 

L7rge  metal 

cylinder  O  100  0  0  97  3  0  87  13  0  98  2 

Small  metal 

cylinder  O  81  19  0  90  10  0  89  11  0  79  21 


Atumtnum 
sheet 

Crumpled 
aluminum 


O  88  12  0  85  15  0  82  18  4  83  13 

0  65  35  0  45  55  0  4  3  57  2  71  27 


Ball  ol 

Clay  OloOO  D90  10  0  9l  9  4906 

Pot  of 

Clay  0  89  11  0  70  20  0  73  27  6  79  15 

Jarlid  0  88  12  0  88  12  0  93  7  2  98  0 

Jarl^ 

wilhholes  0  35  65  0  15  85  0  7  93  0    6  92 


Our  percentages  in  Figure  1  show  that  there  is  little 
difference  in  understanding  of  sink/float  concepts  among 
students  at  the  various  academic  It  "els*    Tb"'  ^  stands  in 
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contrast  to  Piaget's  tb'^ory  that  students  past  age  11  or  12 
should  have  develope     le  formal  logical  structures  needed 
to  understand  density.    We  found  that  a  large  number  of 
college  students  said  that  when  you  crumple  an  aluminum 
sheet,  you  have  made  it  heavier.    This  response  is  similar 
to  that  given  by  some  of  the  elementary  school  children. 

If  you  compare  the  CU  responses  in  Figi^re  1,  you  find 
t.:at  college  students  did  slightly  better  than  younger 
students  when  explaining  and  predicting  the  results  of 
aluminum  and  clay  objects  and  the  looped  wire  but  that  the 
differences  are  very  small. 

We  did  find  one  distinguishing  characteristic,  however. 
Students  at  the  various  levels  used  significantly  different 
language  to  describe  concepts,    '"erms  such  as  light,  heavy, 
and  weight  used  by  the  elementary  students  were  replaced  by 
density,  physical  properties  and  surface  tension  at  the 
junior  high  level. 

Unfortunately,  the  junior  high  students*  increase  in 
sophisticated  science  vocabulary  was  not  accompanied  by 
increased  understanding.    In  a  s-''::iilar  pattern,  the  college 
students  used  the  terms  '.afface  tension,  displacement, 
surface  area,  volume,  and  mass  but  had  little  understanding 
of  the  concepts  the  ter'ns  described. 

Apparently,  the  elementary  students  were  giving 
responses  based  on  common  sense  and  had  not  yet  been 
encumbered  with  scientific  terminology.    On  the  wther  hand, 
many  of  the  older  students  seemed  tc  be  so  concerned  with 
trying  to  fit  the  correct  scientific  terms  into  their 
explanations  that  they  lost  sight  of  the  phenomena  at  hand. 

What  does  this  say  to  teachers?   That  we  are  not 
spending  enough  time  on  werminology  as  we  teach  concepts  or 


that  we  emphasize  terminology  so  much  that  our  students  lose 
sight  of  the  concepts  behind  the  vocabulary?    It  may  come  as 
no  surprise  to  us  that  elementary  students?  have  little 
knowledge  of  science;  we  have  evidence  that  science  is  not 
emphasized  enough  at  the  elementary  level  [8,10].    What  is 
surprising  are  the  results  from  the  junior  high  acudents 
and,  even  more  so,  the  results  from  the  college  students. 
The  junior  high  students  were  enrolled  in  science  courses  at 
the  time  of  the  interview,  and  the  college  students  had 
taken  science  courses  in  junior  and  senior  high  school. 
Furthermore,  many  of  the  college  students  had  also  completed 
several  college  science  courses.    V/aat  were  th'jy  taught? 
What  did  they  learn?    But  most  important,  what  can  we  do  to 
solve  this  problem? 

III.       The  third  question  which  we  considered  in  our  study 
was  what  are  some  instructional  practices  which  can  be 
effective  in  bringing  about  conceptual  changes  in  studenlis. 
The  most  effective  practices  follow  a  model  similar  to  che 
learning  cycle.    The  model  uses  the  follows  g  steps: 

1.  Provide  students  with  a  situation  to  make 
predictions. 

2.  Have  them  expose  their  views  (beliefs)  by 
sharinfi  P'-^ediction^  (explanations). 

3.  Allow  them  to  test  their  views. 

A.    Help  learners  to  resolve  conflict  between  their 
views  and  actual  observations  by  working 
with  luaterials. 


5.    Help  leart^ers  to  make  the  phenomenon  a  part  of 
their  conceptual  structure  by  relating 
(connecting)  what  is  learned  to  other 
situations. 

Using  the  sinking  and  floating  of  objects  in  liquids  as 
an  example,  we  compared  the  effectiveness  of  two  models  in 
bringing  about  a  conceptual  change  in  the  understanding  of 
students  of  the  phenomenon  [14]. 

The  learning  cycle  is  an  instructional  model  proven 
effective  in  bringing  about  a  conceptual  change  and  consists 
of  the  following  steps: 

-  provide  learners  wich  opportunity  to  make 
predictions; 

-  allow  learners  to  expose  their  beliefs  by  sharing 
predictions  and  explanations; 

-  help  learners  to  test  their  own  beliefs  by  working 
with  physical  situations; 

-  provide  the  learner  with  the  opportunity  to 
resolve  conflict  between  their  own  beliefs  and 
their  observations;  and  finally, 

-  help  the  learners  to  make  connection  between  what 

learned  and  other  situations. 

We  conducted  a  study  comparing  the  effectiveness  o2  the 
learning  cycle  with  the  ?^xpository  model  consisting  of 
teacher  lectures,  written  problems  and  teacher  conducted 
demonstrations. 
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The  students  in  both  classes  were  interviewed 
individually  and  in  private — both  prior  to  being  taught  the 
sink/float  unit  and  after.     These  interviews  were  tape 
recorded.    The  interview  format  consisted  of  holding  an 
object  and  asking  the  student:    "If  I  place  this  object  in 
this  much  water,  would  it  float  or  sink  and  why?"  The 
objects  were  similar  to  those  used  by  Carpenter  (1981)  and 
consisted  of  the  following: 


-  small  wooden  cube 

-  small  metal  cube 


same 
size 


large  wooden  cube 


-  sheet  of  alum 
foil 

-  folded  sheet 
aluminum  foil 


same  size 
sheet  before 
folding 


ba 
po 


11  of  clay^^ 
t  of  clay 


same 
mas  s 


jar  lid 
jar  lid  with  holes 


same  material 
and  size 


In  each  case,  after  the  students  predicted  and 
explained  their  reasoning,  fol?ow-up  questions  were  asked  to 
make  sure  that  the  interviewer  had  a  fair  assessment  of 
student  understanding  of  the  concept.    Finally  the  students 
summarized  their  knowledge  of  sink/float  concepts  by 
responding  to  the  question:  "What  factors  influenced  whether 
an  object  will  sihk  or  float?"    Appendix  1  outlines  a 
portion  of  an  interview  with  one  of  the  students. 
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Figure  2 


Percent  Gain  of  Correct  Responses 
for  Expository  and  Learning  Cycle 

Groups 


Sm^n  wcoden  cube 
Met4l  cube 
l^rge  wooden  cube 
Aluminum  foil  sheet 
Aluminum  foil  foMed 
ClM^  ban 
CU9  pot 
Jar  lid 
Jar  lid  with  holes 

SUMMARY:  Factors 
1nnumcin9  sinking /floating 

0%   1056  20S8  ^0% 


Table  7  and  Figure  1  summarize  the  results  for  both 
groups.    They  compare  the  percent  of  students  giving  correct 
responses  on  the  initial  interview  with  those  on  the  final 
interview.    In  order  for  a  response  to  be  correct,  an 


accurate  prediction  and  explanation  had  to  be  given.  The 
results  also  give  the  percent  gain  in  the  correct  category 
for  each  item  for  each  group. 
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Only  a  small  percentage  of  students  in  both  groups  gave 
responses  which  could  be  placed  in  the  correct  category 
during  the  initj  "I  interview.    The  results  are  similar  to 
thos3  of  Shepherd  and  Renner  who  found  that  none  of  the  high 
school  students  in  their  study  exhibited  a  sound 
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understanding  of  the  concept  of  density  of  water  as  it 
related  to  the  spring  and  fall  turnover  in  lakes  [9]. 
However t  on  our  summary  question  in  the  initial  interview, 
34%  of  students  in  the  expository  group  and  31%  of  those  in 
the  learning  cycle  group  were  able  to  correctly  identify  at 
least  two  factors  which  cause  an  object  to  float/ sink. 

Further  analysis  of  the  interviews  was  done  to  study 
the  difference  in  the  effects  of  the  two  models  in  bringing 
about  a  change  in  students'  understanding  of  concepts 
related  to  sinking/floating.    Analysis  of  the  data  (Table  8) 
showed  that  both  groups  improved  in  the  appropriate  use  of 
such  terms  as  density,  water  pressure,  displacement,  and 
surface  tension. 

In  all  but  one  instance,  the  learning  cycle  group 
showed  a  greater  gain  in  the  use  of  these  terms  when 
compared  to  the  gain  achieved  by  the  expository  group.  The 
single  exception  being  Archimedes'  Principle  in  which  the 
gams  were  nearly  equal.    For  example,  on  the  last  question, 
"What  factors  influence  sinking  and  floating  of  objects?" 
the  learning  cycle  group  showed  gains  over  20%  higher  than 
the  expository  group  in  the  correct  use  of  density  and  water 
pressure  (See  Table  8  and  Figure  2). 

The  expository  group  actually  showed  a  seven  percent 
decline  in  their  understanding  of  water  pressure  on  the 
post-test.    This  difference  may  not  be  significant,  but  it 
could  point  out  that  the  lecture-recitation  form  of  science 
teaching  can,  at  times,  confuse  students  about  abstract 
concepts  and  that  the  memorization  of  terms,  facts,  and 
formulas  does  not  result  in  real  learning  when  students  are 
concrete  operational. 

Examples  of  the  appropriate  uses  of  the  terms  related 
to  sinking/floating  given  by  students  appear  in  Table  9. 
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Table  10  provides  examples  of  inappropriate  uses  of  these 
terms « 

It  should  be  pointed  out  that  in  neither  group  did  ths 
number  of  correct  responses  exceed  50%  for  any  of  the 
objects  used  in  the  interview.    One  might  question  why  the 
total  number  of  responses  was  not  higher.    One  possible 
explanation  is  that  concrete  operational  students  have 
difficulty  learning  formal  concepts  [5].  Preassessment 
studies       several  sections  of  the  science  content  courses 
which  served  as  the  source  of  subjects  for  the  study, 
revealed  that  about  one-half  of  these  students  are  operating 
at  the  concrete  or  concrete  transitional  level.  Another 
factor  which  may  have  been  at  play  in  this  study  was  that  of 
misconceptions  held  by  students.    Eaton,  Anderson,  and  Smith 
found  in  their  study  with  students  considering  "how  light 
helps  us  to  see"  and  "where  do  plants  get  their  food,"  that 
if  stuuents  approach  a  topic  without  knowing  anything  about 
it,  they  may  be  willing  to  consider  any  information  their 
teacher  presents  [3].    However,  if  students  already  have 
ideas  about  a  topic,  these  ideas  can  interfere  with  their 
ability  to  understand.    The  subjects  of  our  study  were 
college  students  and  obviously  many  had  previous  ideas  about 
the  concepts. 

Another  comparison  can  be  made  between  our  study  and 
others  cited  in  the  literature  with  respect  to  the 
improvement  shown  by  the  learning  cycle  group  when  compared 
to  the  expository  group.  In  the  study  of  lOth-grade 
students*  understanding  of  matter  and  density  changes. 
Shepherd  and  Renner  found  a  significant  gain  in  favor  of 
students  at  a  concrete  operational  level  who  were  taught 
through  firj:t-hand  experiences  as  compared  to  students 
taught  concrete  concepts  formally  [9].    Thus,  concrete 
instruction  (learning  cycle)  may  be  preferable  to  formal 
instruction  (expository)  because  concrete  instruction 
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promotes  superior  cognitive  development  of  concrete  level 
thinkers  [8]. 

DISCUSSION 

Based  upon  post-session  interviews »  both  groups  showed 
considerable  gains  in  understanding  the  concepts  involved  in 
sinking/floating.    Except  for  one  object  (jar  lid  with 
holes)  gains  in  the  percentages  of  students  giving  correct 
responses  ranged  from  15  to  46  percent.    The  overall  gains 
of  the  learning  cycle  group  were  slightly  higher  than  those 
of  the  expository  group*    In  tvo  instances,  the  small  vooden 
cube  and  the  summary  statement  on  factors  influencing  sink 
or  float,  the  percentage  gains  for  the  learning  cycle  group 
were  considerably  higher  than  those  of  the  expository  group* 
Our  results  suggest  that  college  students*  understanding  of 
science  concepts  dealing  with  sinking/floating  may  be 
improved  by  using  a  teaching  style  which  combines 
demonstration  with  lecture  or  the  learning  cycle  model*  The 
latter  model  generally  yielded  a  higher  percent  of  correct 
responses  than  did  the  expository  model. 

Both  teaching  models  in  our  study  were  effe:;tive  in 
bringing  about  a  change  in  students*  understanding  of 
concepts  associated  with  sinking  and  floating  when  applied 
to  most  of  the  objects*    However,  neither  model  brought 
about  a  change  in  students*  responses  associated  with  the 
floating  of  jar  lids  with  holes*    (In  neither  group  were 
objects  wit.h  holes  used  in  sink/float  presentations*)  This 
may  be  an  example  of  learners  holding  on  to  their  original 
conceptions  regardless  of  the  type  of  instruction  they 
receive*    This  may  be  due  either  to  the  fact  that  learners 
were  more  influenced  by  their  own  perceptions  than  by  their 
understanding  of  the  concepts  or  the  instruction  did  not 
adequately  add^-ess  the  surface  tension  and  its  effect  of 
float  and  sinking*    Possibly,  in  the  case  of  certain  science 
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concepts  about  which  a  large  number  of  students  exhibit 
misconceptions,  we  noed  to  design  and  use  alternative  models 
of  instruction  if  we  are  to  correct  student 
misunderstandings* 

Summary 

In  this  paper,  tht  researchers  considered  student 
misunderstandings  of  some  common  science  concepts  involving 
explanations  of  weather  phenomena  and  criteria  for 
distinguishing  living  from  non-living*    In  this  section  we 
have  made  some  suggestions  on  how  to  bring  about 
accomodations  in  the  learner  when  introducing  new  science 
concepts.    We  have  also  looked  at  patterns  in  student 
misunderstandings  of  concepts  involved  in  objects  sinking 
and  floating.    Misunderstandings  by  students  at  the 
elementary,  junior  high  school  and  college  levels  were 
studied.    Finally,  we  have  suggested  some  instructional 
practices,  based  on  our  research  and  that  of  others,  which 
may  be  used  to  bring  ^bout  conceptual  changes  in  students* 
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Toward  a  Coherent  Contructivism 

Kenneth  A.  Strike 
Cornell  University 

People  in  science  education  seem  quite  taken  in  recent 
years  by  what  they  term  a  "constructivist  epistemology.  **  I 
have  found  their  use  of  the  term  increasingly  puzzling. 
Often  it  seems  to  me  to  function  in  the  discourse  of  science 
educators  rather  like  the  word  "democracy"  functions  in 
political  discussions.    Democracy  is  presumed  to  be  a  good 
thing  whatever  it  is.    That  any  two  people  mean  the  same 
thing  by  it  is,  however,  in  doubt. 

But  "democracy"  is  also  a  useful  word  if  only  because  it 
unites  people  who  in  reality  do  not  agree  about  very  much  in 
a  sense  of  common  enterprise.    Perhaps  it  at  le  st  serves  to 
remind  people  that  they  share  a  con>mon  political  tradition  or 
that  they  share  common  antagonists.     "Constructivist"  may 
function  in  a  similar  way.    Whatever  it  means,  if  we  are  con- 
structivUts,  at  least  we  know  that  it  is  important  to  be 
interested  in  children's  misconceptions,  to  describe  how  they 
think  about  science,  that  we  have  Piaget  as  part  of  our  heri- 
tage, and  that  behaviorists  are  the  bad  guys.    Loyalty  and 
group  identification  is  made  of  such  stuff.    Clarity  and 
Intellectual  progress  are  not. 

I  do  not  propose  to  ask  what  "constructivism"  really 
means.     Instead,  I  propose  to  ask  whether  there  is  anything 
for  it  to  mean  that  makes  sense.     I  shall  proceed  as  follows. 
First,  I  shall  examine  two  ideas  that  seem  common  among 
people  who  call  themselves  constructivists .    These  are:  (1) 
the  idea  that  the  mind  is  active  in  constructing  knowledge; 
and  (2)  the  idea  that  concepts  are  invented  rather  than 
discovered.     I  shall  argue  tliat  the  problem  with  these  no- 
tions is  that  they  can  be  explicated  in  a  variety  of  v?ays. 
Some  of  these  ways  turn  out  to  be  rather  obviously  true.  At 
least  they  are  denied  by  virtually  no  one  worth  taking  seri- 
ously.   Others  turn  out  to  be  unsustainable.    At  least,  when 


ERLC 


94S 


followed  out  consistently,  they  have  very  high  epistemic 
costs.     The  trick  is  to  find  sor..e  middle  ground.     Is  there 
some  formulation  of  constructivism  that  is  neither  uninter- 
estingly true  nor  patently  objectionable? 

To  attempt  to  answer  such  a  question  in  a  brief  paper 
would  be  the  height  of  hubris.     It  would  require  solvirig  most 
of  the  central  problems  of  epistemology .     I  propose  instead 
to  discuss  two  tests  for  the  adequacy  of  any  variety  of  con- 
structivism.   The  first  is  the  test  of  objectivity.  Con- 
structivists need  not  believe  in  certainty.    They  need  not 
believe  that  ideas  are  true  in  virtue  of  their  correspondence 
to  reality.    But,  unless  they  wish  to  give  expression  to  a 
kind  of  epistemic  death  wish,  they  must  believe,  that  some 
ideas  are  better  than  others  because  it  is  under  the 
circumstances  more  reasonable  to  believe  them. 

Second,  constructivists  must  make  sense  of  the  public 
character  of  knowledge.    It  may  be  true  that  people  construct 
their  ow  ideas.    But  it  is  also  true,  obviously  true,  that 
people  assert  meaningful  utterances  to  one  another  from  which 
they  learn.    Any  view  that  suggests  that  knowledge  once 
acquired  cannot  be  transmitted  by  language  is  absurd. 

I  usG  these  tests  because  they  seem  to  me  to  touch  the 
particular  liabilities  of  constructivists.    As  construc- 
tivists begin  to  explain  what  they  mean  by  the  claim  that 
people  actively  construct  their  concepts,  they  tace  the 
danger  of  lapsing  into  relativism  and  privacy.    The  problem 
for  constructivists,  then,  is  to  find  something  to  mean  by 
"constructivist"  that  is  not  trivially  true  that  does  not 
yield  to  these  forms  of  episteraological  suicide. 

Jhe  mind  is  active 

Constructivists  want  to  claim  that  people  are  active  in 
constructing  their  knowledge.    What  might  this  mean?  Gener- 
ally, when  philosophers  talk  about  tha  concept  of  action, 
they  oppose  activity  to  passivity,  to  merely  undergoing 
sonethirg.    To  illustrate,  "I  went  to  the  store"  suggests 


that  going  to  the  store  is  something  I  did,  whereas  in  **I 
fell  down  the  stairs,"  falling  dovm  is  something  that 
happened  to  me. 

Note  that  being  active  has  little  to  do  with  how  much 
motion  occurred  or  how  much  efforc  is  expended.    My  body  may 
move  a  great  deal  in  falling  down  the  stairs,  and  I  may  ex- 
perd  a  lot  of  effort  resisting  the  fall.    But  falling  contin- 
ues to  be  something  t*^ bippens  to  me,  not  something  I  do. 
In  contrast,  turning  «a  or  paying  attention  is  active. 

Whether  my  behavior  iu  active  or  passive  ha J  to  do  with  the 
connection  between  my  intentions  and  what  is  going  on  with 
me- -not  with  motion  or  energy  expenditure. 

Let  us  suppose  that  this  is  f/hat  we  mean  when  we  say  that 
peopl<i  are  active  in  constructing  their  knowledge.    That  is, 
we  mean  that  constructing  knowledge  is  something  we  do,  not 
something  that  happens  to  us.    Who  is  excluded  by  this  formu- 
lation?   Among  philosophers,  I  would  suggest  that  the  answer 
is  that  we  have  left  out  almost  no  one.    But  surely,  some 
will  reply,  uiany  people  in  the  empiricist  tradition  treat 
knowledge  as  passively  acquired.    I  think  this  is  simply 
untrue. 

Consider  the  most  plausible  candidate  for  passivity. 
Some  empiricists  have  likened  the  mind  to  a  blank  tablet  to 
be  written  on  oy  experience.    The  process  whereby  the  mind 
receives  its  impressions  from  experience  is  described  in  pas* 
sive  language.    The  mind  is  simply  written  on.     Experience  is 
something  that  is  simply  had.    And  it  is  what  it  is.    We  can 
do  nothing  to  affect  its  character.    We  simply  undergo  it. 
Surely,  then,  empiricist  accounts  of  knowledge  acquisition 
are  passive  accout^ts.    But  here  we  should  also  note  that,  for 
empiricists,  having  sense  impressions  does  not  constitute 
knowledge.    Knowledge  is  result  of  vhat  the  mind  does  with 
sense  impressions.    Aristotle  and  Locke  described  this  pro* 
cess  as  one  of  abstraction.     It  is  generally  described  in  an 
active  language.    Knowledge  is  something  done  to  or  with 
experience.    I  think  something  like  this  is  generally  true  of 


the  empiricist  tradition.    Sense  experience  is  of tin  seen  as 
undergone,  bvt  the  process  of  b»«llding  generalizations  on  the 
basis  of  sense  experience  is  described  in  an  active  language. 
There  are  exceptions,  Hume  perhaps,  but  I  suspect  that  wKit  I 
have  suggested  is  the  rule  about  the  empiricist  tradition 
from  Aristotle  to  the  logical  positivists  of  our  century. 
Nothing  about  empiricism  per  se  commits  one  to  a  passive  view 
of  knowledge. 

Let  us  try  t^nother  approach.^    Perhaps  it  is  not  empiri- 
cism that  commits  us  to  passivity,  but  the  view  that  there 
are  laws  of  learning.    One  might  reason  as  follows:     If  there 
are  laws  of  learning,  then  learning  happens  according  to 
those  laws.     But  insofar  as  behavior  is  governed  by  laws  of 
learning,  it  is  determined  by  these  laws.    Our  inte^     ins  or 
our  choices  (if  w?  actually  have  such  things)  are  irrelevant 
to  it.    All  of  our  behavior  including  our  learning  or 
knowledge  production  is  something  that  happens  to  us.  We 
are,  in  that  respect,  passive  in  al"*  that  we  do. 

Two  points  are  important  about  this.     First,  there  is  a 
serious  issue  hare.    The  claim  that  human  behavior  can  be 
sufficiently  explained  by  scientific  laws  has  surely  s»-^- 
g^.sted  to  many  that  people  are  detei  \lned  and  therefore  not 
free.     Insofar  as  learning  is  governed  by  such  laws  learning 
will  be  a  passive  happening.    On  such  a  view  human  beings  do 
not  act  ac  all.    They  merely  undergo.    The  view  that  human 
learning  can  be  explained  scientifically,  if  one  means  this 
by  it,  can  thus  easily  lead  to  a  passive  view  of  learning. 
Thus,  there  is  potentially  a  heavy  cost  in  those  forms  of 
educational  psychology  that  attempt  to  work  out  the  details 
of  such  a  program  about  human  learning. 

The  second  point,  however,  is  that  such  conclusions  do 
not  inevitably  follow  from  the  premises.    B.F.  Skinner,  for 
example,  may  have  been  seduced  by  his  respect  for  what  he 
believed  to  be  the  requirements  of  a  .  ^ience  of  human  b'ihav- 
lor  into  a  passive  view  of  learning,  but  it  is  surely  unwise 
to  confuse  Skinner  with  a  competent  philosopher.  Generally 
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philosophers,  even  those  who  hold  such  commitments  about  a 
science  of  behavior,  have  been  unwilling  to  follow  suit.  It 
has  been  more  common  to  see  human  freedom  or  the  activeness 
of  human  behavior  as  a  simple  fact  to  be  reconciled  with  the 
existence  of  a  scientific  approach  to  behavior.    Freedom  may 
be  seen  as  compatible  with  determinism.    To  be  active  is  to 
act  because  of  our  beliefs  or  intentions.    J.S.  Mill  and 
Moritz  Schlick  illustrate. 

I  thus  want  to  conclude  that  philosophically  the  sugges- 
tion that  people  are  active  in  learning  or  knowledge  con- 
struction is  rather  uninterestinf;.    It  is  uninteresting 
because  almost  no  one,  beyond  a  few  aberrant  behaviorists , 
denies  it.    I  know  of  no  cradition  in  epistemology  whose 
advocates  consistently  deny  that  people  are  active  in  knowing 
or  whose  basic  propositions  clearly  commit  their  adherents  to 
such  a  viev;.    Thus,  the  suggestion  that  people  are  active  in 
producing  knowledge  seems  to  me  to  be  trivially  true.    No  one 
seriously  believes  that  knowledge  is  something  simply 
undergone. 

I  think  that  this  point  readily  transfers  to  pedagogy. 
Educators  often  talk  as  though  there  are  people  out  there  who 
treat  knowledge  as  passive.    They  sound  as  though  teachers 
believe  that  knowledge  can  somehow  be  inserted  into  students' 
heads  without  the  students'  active  response  to  iU.     But  does 
anyone  hold  such  a  view,  or  do  any  common  teaching  practices 
really  assume  it?    I  find  this  doubtful.    Consider  an 
example . 

Suppose  some  benighted  teacher  gives  assignments  that 
require  only  memorization,  that  he  or  she  teaches  only  by 
lectures  that  only  assert  facts,  and  that  he  or  she  gives 
only  tests  that  require  the  students  to  show  that  they  can 
reproduce  these  facts.     Does  such  an  account  require  a 
passive  account  of  learning?    I  think  most  of  us  would  be 
inclined  to  say  "yes."    Unfortunately  that  response  is 
uncritical  and  wrong.    The  correct  answer  is  that  such 
teaching  assumes  a  passive  account  of  learning  only  if  a 
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passive  account  is  given  of  language  compreliension  and  of 
memory.    But  why  should  anyone  accept  such  an  account  or  why 
should  we  believe  that  such  accounts  are  presupposed  by 
asserting  facts?    It  is  surely  possible  to  believe  that  when 
students  hear  what  they  are  tolc\  understand  it,  and  remember 
it  that  they  are  engaged  in  cognitive  activities.    Indeed,  I 
will  wager  that  most  people  who  call  themselves  cons true ti- 
vists  are  quite  committed  to  the  view  that  listening,  under- 
standing and  remembering  are  cognitive  activities.  Why, 
then,  is  the  verbal  transmission  of  information  stigmatized 
with  the  label  "passive  learning"  or  otherwise  described  with 
passive  language  such  as  "rote  learning"? 

I  think  that  the  answer  is  that  "passive"  is  a  pejorative 
term.    As  such  it  is  an  effective  tool  for  insulting  views 
one  dislikes.    That  it  is  generally  meaningless  or  inappro- 
priately applied  does  not  necessarily  reduce  its  effective- 
ness . 

I  do  not,  of  course,  mean  to  commend  teaching  methods 
that  proceed  solely  by  asserting  facts.    There  are  numerous 
issues  raised.    What  is  a  fact?    Need  all  assertions  be 
assertions  of  facts?    What  else  is  there  to  teach;  theories, 
meanings,  concepts,  critical  thinking?    What  do  these  terms 
mean?    How  are  they  different  from  facts?    Once  we  know  what 
they  -^ean,  how  do  they  relate  to  one  another?    When  we  have 
an  adequately  understood  inventory  of  cognitive  concepts,  how 
do  we  order  our  preferences  among  them  so  far  as  teaching  is 
concerned?    And  once  we  have  achieved  clarity  about  what  we 
want  in  teaching,  how  do  we  teach?    Especially,  what  is  the 
role  of  direct  verbal  instruction  ia  effective  teaching?  riow 
do  words  work?    How  does  language  gee  to  be  ab^ut  the  world? 

These  are  some  of  the  epistemological  questions  that  need 
to  be  addressed  to  appraise  direct  verbal  instruction  or,  for 
that  matter,  to  appraise  almost  any  kind  of  instruction.  The 
distinction  between  active  and  passive  learning  seems  largely 
to  obscure  these  questions.  So  far  as  I  can  see,  it  does 
little  useful  intellectual  work  unless  insulting  and  con- 
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founding  one's  enemies  and  forging  bonds  of  solidarity  with 
one's  friends  is  seen  as  useful  work.    Given  the  sense  of 
active  learning  I  have  been  dealing  with,  it  is  something 
everyone  can  support.    It  is  trivially  true. 

Now  perhaps  this  is  because  I  have  chosen  a  concept  of 
activity  that  is  too  broad.    Perhaps  active  learning  should 
involve  more  real  moving  about  or  more  real  reorganization  of 
cognitive  input.     I  suspect  that  there  are  numerous  ways  to 
up  the  ante  on  what  is  meant  by  "active"  so  that  we  might  ex- 
elude  some  views.    Obviously  I  cannot  take  on  all  comers. 
But  the  task  is  to  find  some  more  restrictive  sense  of  active 
that  does  not  exclude  too  much.    To  take  the  most  obvious 
case,  surely  people  do,  in  fact,  learn  with  comprehension 
ideas  both  simple  and  complex  because  they  hear  other  people 
say  then  or  because  they  read  what  others  have  written.  A 
view  of  learning  that  treats  the  verbal  transmission  of 
facts,  concepts,  or  ideas  as  inevitably  passive  or  as  other- 
wise objectionable  is  merely  stupid.    A  concept  of  activity 
that  leads  to  this  judgment  is  defective  for  that  reason.  Of 
course  there  are  conditions  for  meaningful  discourse  and  not 
all  discourse       meaningful.    Of  course  one  can  teach  without 
just  telling  people  what  you  want  thera  to  learn.    That  is  not 
my  point.    Rather,  the  point  is  that  people  often  seem  to 
learn  by  listening  to  what  others  say.    A  view  of  activity 
that  renders  such  obvious  facts  problematic  is  wrong.     It  is 
not  obvious  to  me  that  one  can  expand  the  meaning  of  "activ- 
ity"  beyond  the  initial  meaning  I  have  suggested  without 
encountering  such  difficulties.    I  thus  suspect  that  the 
claim  that  learning  or  producing  knowledge  must  be  active 
will  turn  out  to  be  either  trivially  true  or  patently  false. 

Consider  one  more  possibility.    Constructivists  often 
seem  to  suggest  that  the  activity  of  the  mind  is  most  clearly 
revealed,  especially  in  verbal  learning,  in  that  what  is 
learned  is  not  precisely  what  is  said.    Rather  each  of  us 
actively  interacts  with  vhat  we  hear  or  see  in  interpreting 
input  within  our  own  unique  set  of  meanings.    The  product  of 


learning  is  thus  uniquely  ours.  That  it  is  uniquely  ours  is 
a  sign  of  the  activity  of  our  minds. 

Two  points  are  required  here.    First,  again,  it  seems  to 
me  that  almost  all  viewpoints  in  the  history  of  philo-. ,.;^n> 
will  agree  with  some  formulation  of  this  point.    Even  the 
most  traditional  of  empiricists  recognize  interaction  between 
new  experience  and  old  or  between  current  experience  and 
prior  concepts.     (Sometimes  this  was  seen  as  a  bad  thing.  It 
is  part  of  the  empiricist  account  of  biased  judgment.)  That 
the  new  interacts  with  the  old  is  not  news.    All  of  the  in- 
teresting questions  concern  the  details  of  this  interaction. 

Second,  I  think  that  it  can  be  argued  that  tha  construc- 
tivist  emphasis  on  the  individuality  of  cognitive  constructs 
stands  a  classical  philosophical  problem  on  its  head.  For 
cost  philosophers  it  is  the  fact  that  sometimes  we  do  manage 
to  make  ourselves  understood  and  that  we  (collectively) 
manage  to  have  publicly  communicable  knowledge  about  a  common 
world  that  has  been  the  phenomenon  of  interest.    The  question 
has  been  to  understand  how  this  is  possible.    Given  the 
diversity  of  human  experience,  language  and  culture,  how  is 
it  that  we  seem  to  such  a  romarkable  degree  to  live  in  a 
common  world  so  that  even  our  mistakes  about-  it  often  have  a 
public  structure?    The  remarkable  thing  about  our  individual 
cognitive  structures  is  that  they  are  not  so  unique  that  we 
cannot  generally  succeed  in  effectively  communicating  with 
one  another  about  a  common  world.    The  philosophical  task  is 
to  understand  how  this  is  possible.    That  constructivists 
sometime  want  to  revel  in  the  potential  Babel  implicit  in  the 
diversity  of  our  cognitive  structures  seems  to  me  to  be  a 
prime  example  of  the  epistemological  death  wish  to  which  its 
adherents  often  give  voice.    Again,  the  constructivist  is  on 
the  horns  of  a  dilenuna.    It  is  clear  enough  that,  in  some 
sense,  the  old  interacts  with  the  new.    That  is  true,  but 
uninteresting.    The  task  is  to  explicate  the  details  in  a  way 
that  allows  us  to  understand  the  fact  of  meaningful  communi- 


cation,  the  sharing  of  conunon  concepts,  and  the  fact  ^hat  we 
live  in  a  conuaon  world. 

Knowledge  Is  invented,  not  discovered. 

Construe tivis ts ,  however,  have  more  Invested  in  the  view 
that  knowledge  is  a  construct  than  in  the  idea  that  it  is 
actively  constructed.    We  need  to  look  at  the  idea  that 
knowledge  is  a  construct. 

Often  the  idea  that  knowledge  is  constructed  is  juxta- 
posed to  the  view  that  it  is  discovered.    Let  us  explore  that 
idea  for  a  while . 

In  one  sense  there  is  something  fairly  obvious  about  the 
claim  that  ideas  are  not  discovered  in  the  way  in  which 
islands  or  stars  are  discovered.    One  does  not  go  looking  for 
ideas  as  though  they  could  be  found  in  a  place.     In  the  sense 
of  "discover"  involved  here,  objects  of  discovery  are  things 
that  have  location.     To  discover  them  is  to  locate  them. 
Knowledge  lacks  a  location.    Thus  it  is  not  the  sort  of  thing 
that  can  be  discovered  if  that  means  to  locate  its  place. 
All  this  is  obvious. 

But  the  idea  that  knowledge  is  constructed,  not  discov- 
ered, seems  meant  to  suggest  far  more  than  that  knowledge  is 
not  locatable  as  though  it  had  a  spatial  location.  Rather 
the  point  of  talking  about  knowle^  ge  as  a  construction  is  to 
suggest  that  it  has  a  kind  of  made-up  quality  about  it.  What 
needs  to  be  made  sense  of  is  just  what  this  made-up  quality 
amounts  to. 

Consider  one  thing  that  might  be  meant.  Suppose  we  were 
to  hold  that  the  basic  nature  of  reality  was  not  apparent  to 
observation.  The  ideas  we  need  to  understand  reality  are  not 
among  its  surface  features.  It  would  then  follow  that  those 
Concepts  that  are  required  to  grasp  reality  properly  are  not 
in  some  way  available  to  be  discovered.  They  must  be  crea- 
tions of  the  imagination. 

Now  this  is  a  familiar  view  in  philosophy.     It  suggests 
that  an  important  distinction  may  be  made  between  appearance 
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and  reality.    The  nature  of  things  is  not  revealed  by  its 
surface  appearance.    The  view  comes  in  many  variations.  It 
is  expressed  in  Plato's  distinction  between  the  world  of 
appearances  end  the  world  of  forms.    Surely  it  is  also  a  part 
of  the  view  of  modern  science.    The  kinds  of  concepts  that 
scientists  use  to  construct  theory  do  not  have  referents  that 
are  visible  on  the  surface  of  the  world.    We  do  not  come 
across  quarks,  DNA  molecules,  or  multidimensional  universes 
by  casually  looking  around. 

This  means  that  we  must  view  the  concepts  we  employ  in 
theory  construction  as  inventions.    We  make  them  up.    We  do 
not  happen  upon  them. 

But  notice  a  few  things  about  this  view. 

First,  it  is  commonplace.    There  are  few  who  would  deny 
it.    Certainly  it  will  not  drive  even  the  most  hidebound  and 
orthodox  of  empiricists  from  our  midst.    That  theoretical 
entities  were  constructs  was  a  staple  of  logical  positivism. 
Indeed,  many  positivists  insisted  that  even  the  objects  of 
our  common  experience  were  things  we  constructed  out  of  sense 
data     The  exper    .ice  of  a  penny,  for  example,  is  a  marvel - 
ously  complex  construction  that  the  mind  imposes  on  the 
assorted  perspectival  sense  impressions  that  we  have  of 
pennies . 

Second,  it  is  largely  a  view  about  concept  formation.  It 
is  consistent  with  a  variety  of  views  about  the  truth  or  the 
adequacy  of  our  concept.s.     It  is  at  least  prima  facie  possi- 
ble to  believe  that  our  concepts  are  inventions  and  that  they 
correspond  to  something  real.    There  are,  of  course,  ways  to 
argue  agi-inst  such  views,  but  they  are  not  patently 
contradictory. 

Finally,  this  weak  view  of  constructivism  is  associated 
with  a  distinction  between  the  context  of  discovery  and  the 
context  of  justification.     Philosophers  who  made  this 
distinction  generally  were  willing  to  admit  all  sorts  of 
unpleasant  things  about  where  concepts  come  from  so  long  as 
those  admissions  were  confined  co  the  context  of  discovery. 
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Perhaps  concepts  are  made  up.    Perhaps  they  reflect  our  class 
origins.    Perhaps  they  reflect  our  personal  histories. 
Perhaps  they  emerge  from  our  dreams.    Perhaps  that  idea  I 
woke  up  with  this  morning  is  the  cognitive  vengeance  of  that 
pepperoni  and  anchovy  pizza  I  had  before  bed. 

But  none  of  this,  so  the  argument  goes,  is  of.  much 
epistemological  interest.    What  is  of  interest  is  how  we  go 
about  selecting  from  the  store  of  available  concepts  those 
that  are  going  to  be  taken  to  be  reasonable,  adequate,  or 
true.    Epistemology  has  to  do  with  the  context  of  justifica- 
tion, not  the  context  of  discovery.    We  can  admit  all  sorts 
of  dark  stories  about  the  origins  of  concepts,  so  long  as 
none  of  these  stories  account  for  why  we  continue  to  accept 
them. 

Here  again  we  seem  to  have  found  something  for  construc- 
tivism to  mean  that  is  trivially  true.    Few  in  our  day  would 
argue  that  concepts  are  inventions  in  this  sense.     Is  there 
anything  more  interesting  for  constructivism  tr  ^ean? 

Very  often  it  seems  to  me  that  constructivxsts  want  to 
hold  some  thesis  about  the  relations  of  our  concepts  to 
reality.     Indeed,  constructivism  is  sometimes  presented  as  a 
denial  of  a  correspondence  theory  of  truth. 

Let  us  do  a  little  sorting  hare.    First,  it  is  important 
that,  if  we  are  going  to  explore  correspondence  theories,  we 
not  deny  anything  too  silly.     Empiricists  once  hela  ideas  to 
be  pictures  oz  the  world.    Our  ideas  are  true  when  they 
picture  the  world  as  it  is.    The  objections  to  such  a  view 
are  well  known.    No  one  holds  it  anymore.  Generally, 
concepts  are  viewed  as  rules.     For  empiricists,  the  rules 
specifying  the  meaning  of  a  term  specify  how  the  world  is  to 
appear  if  the  term  is  to  apply  ccrrectly  to  it.  Various 
empiricist  stories  have  to  do  with  how  direct  the  connection 
between  the  word  and  the  world  must  be.    Most  sto*.ies  these 
days  see  this  connection  as  exceedingly  indirect. 

We  must  also  decide  what  type  of  correspondence  we  wish 
to  deny.    Up  to  this  point  I  have  been  using  terms  like  "con- 


cept," "idea,"  and  "knowledge"  loosely  and  interchangeably. 
Let  me  be  a  bit  more  exacting  about  two  of  these  terms.  I 
shall  distinguish  between  concepts  and  propositions.  The 
salient  feature  of  a  proposition  is  that  it  asserts  some- 
thing.    It  makes  a  claim.     It  can  thus  be  true  or  false. 
Concepts  classify.    They  divide  the  world  into  groupings. 
But  they  do  not  assert. 

Now  one  can  deny  a  correspondence  view  about  either  con- 
cepts or  propositions  or  both.     Let  us  start  by  denying  that 
concepts  correspond  to  anything.    Here  what  one  is  denying  is 
that  there  are  any  natural  kinds.    Our  concepts  cannot  divide 
the  world  at  its  joints,  because  the  world  does  not  have 
joints.    The  standards  to  be  applied  to  our  concepts  are 
likely,  therefore,  to  be  pragmatic  ones.    The  most  obvious 
pragmatic  standard  for  our  concepts  is  that  concepts  are 
useful  when  they  enable  us  to  assert  true  and  important 
propositions. 

It  should  be  noted  that  this  form  of  conceptual  pragma- 
tism will  entail  the  denial  of  materialism.    To  take  such  a 
view  of  terms  such  as  "electron"  is  to  deny  that  there  are 
electrons.     To  believe  in  the  existence  of  the  referents  of 
the  basic  theoretical  terras  of  physics  is  to  believe  both  in 
the  existence  of  physical  entitles  and  in  the  existence  of 
natural  kinds.    Conceptual  pragmatism  will  deny  both.     It  is 
a  step  in  the  direction  of  idealism. 

Conceptual  pragmatism  is  also  perfectly  consistent  with  a 
correspondence  theory  of  truth.     Indeed,  it  is  often  explica- 
ted so  as  to  require  one.    A  concept  that  meets  the  pragmatic 
test  of  usefulness  is  one  that  enables  us  to  say  true  things 
about  the  world,  i.e.,  to  describe  the  world  the  way  it  is. 

Now,  of  course,  it  is  quite  likely  that  for  a  conceptual 
pragmatist  what  it  will  mean  to  describe  the  world  the  way  it 
is  is  that  we  can  utter  sentences  that  assert  that  the  world 
will  appear  in  certain  ways  and  that,  indeed,  the  world  does 
appear  in  those  ways.  Or  it  will  mean  that  we  can  formulate 
theories  from  which  true  predictions  about  experience  can  be 


deduced.    In  both  cases,  true  propositioas  are  those  that 
save  the  appearances. 

We  should  note  that  conceptual  pragroatlsts  are  construe - 
tivists  with  a  vengeance.     They  are  likely  to  tell  a  Kant- 
like story  about  how  our  experience  is  a  result  of  sense  data 
or  the  given  structured  by  our  conceptual  apparatus.  Not 
only  our  concepts  but  our  very  experiential  world  is 
constructed. 

If  this  is  so,  how  is  it  that  we  live  in  a  common  world? 
Conceptual  pragmatists  can  tell  two  stories  about  this.  The 
first  is  a  story  about  socialization.    Concepts  are  social 
inventions.    Their  evolution  is  a  social  phenomenon. 
Individuals  do  not  so  much  construct  their  own  world  as  they 
are  initiated  into  a  common  socially  constructed  world. 

The  second  story  is  that  concepts  are  under  selective 
pressure  from  experience.    The  given  part  of  our  experience 
is  what  it  is  quite  apart  from  how  we  conceptualize  it.  Some 
concepts  are  more  or  less  useful  in  enabling  us  to  say  true 
things  about  it.    Thus  there  is  some  epistemic  pressure  on 
the  direction  of  conceptual  evolution.     And  one  might  expect 
a  degree  of  convergence  among  concepts.     There  are  thus  two 
stories.    Let  us  call  them  the  socialization  storv  and  the 
save  the  appearances  story.    These  stories  are,  I  think, 
quite  consistent. 

I  do  not  think  that  conceptual  pragmatism  will  do  justice 
to  what  most  cons true tivists  want  to  say.    First,  conceptual 
pragmatism,  as  I  have  described  it,  is  a  variety  of  logical 
positivism.    Constructivists  seems  to  want  badly  not  to  be 
posi tivists.     Second,  constructivists  seem  to  want  to  deny 
correspondence  theories  of  truth  in  a  more  radical  way  than  I 
have  suggested.    Lst  us  consider  some  grounds  for  these 
denials . 

One  of  the  central  features  of  the  conceptual  pragmatism 
that  I  have  sketched  is  the  view  that  experience  can  be  ana- 
lyzed into  two  components ,  the  conceptual  and  the  perceptual , 
the  given.    An  ordinary  experience  is  a  conceptualized  per- 
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ception.    Now  the  conceptual  element  of  experience  is  sus^'»p- 
tible  of  variation.     People  mey  conceptualize  their  percep- 
tions differently.    But  perceptions  are  simply  given.  As 
n^-u^  given,"  they  are  indubitable.    Moreover,  they  can  be 
described  in  a  theory-neutral  data  language.    They  thus  form 
1  sort  of  epistemological  bedrock  against  which  our  asser- 
tions can  be  checked. 

Modern  constructivists  seem  often  to  want  to  deny  the 
possibility  of  any  theory -neat ^ol  given.    Often  they  appeal 
to  the  argxjunents  of  Thomas  Kuhn.    Kuhn  seems  clearly  to  want 
to  deny  that  there  is  any  given  or  any  neutral  data  language. 
Instead,  perception  (not  just  experience)  is  always  theory 
embedded.    There  is  no  part  of  experience  that  can  be  iso- 
lated from  concepts.     Feople  who  have  different  concepts  live 
irreconcilably  in  different  experiential  worlds. 

How  does  this  change  the  picture?    It  chringes  It  by 
rejecting  the  save  the  appearances  storv.    Or  it  is  often 
read  as  doing  so.    At  least,  it  seems  that  across  different 
theories  there  are  no  common  appearances  to  save.    But  we 
need  to  be  careful  here.     Some  points  to  consider. 

First,  Kuhn's  views  do  not  entail  that  there  are  no 
appearances  tc  save.    Within  each  conceptual  tradition  there 
are  appearances.    And  they  need  to  be  saved.    The  problem 
Kuhn  points  out  is  not  the  absence  of  appearances  to  be 
saved,  but  the  difficulty  in  agreeing  as  to  what  they  are 
between  two  divergent  conceptual  systems. 

Second,  Kuhn  does  not,  so  far  as  I  can  see,  claim  that 
perception  is  infinitely  malleable  to  conceptualization.  It 
may  be  that  'vhen  Aristotle  and  Galileo  look  at  pendulum?  they 
see  different  things,  but  neither  of  them  is  likely  to  see  a 
giraffe.     For  Kuhn,  perception  is  not  mastered  by  will. 

Third,  even  if  it  is  true  that  there  are  no  theory- 
neutral  descriptions  of  any  given  datum,  it  does  not  follow 
that  a  description  of  some  datum  cannot  be  given  that  is 
neutral  to  the  particular  theories  at  issue. 
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All  of  this  is  to  say  that  it  is  not  entirely  clear  that 
Kxihn  has  abolished  saving  the  appearances. 

Finally,  we  should  note  that  while  Kuhn  may  have  substan- 
tially weakened  the  save- the -appearances  story,  he  seems  much 
committed  to  the  socialization  story.     It  is  the  initiation 
of  scientists  into  a  common  conceptual  tradition  that  allows 
them  to  live  in  a  common  world.    Without  the  socialization 
story,  Kuhn  collapses  into  solipsism. 

Let  us  assume,  however,  that  saving  the  appearances  has 
become  problematic  because  perception  is  theory  embedded. 
What  follows?    Recall  that,  for  conceptual  pragmatists,  the 
meaning  of  the  correspondence  between  propositions  and  the 
wo?: Id  was  developed  in  tenrs  of  the  notion  of  saving  the 
appearances.     It  might,  then,  be  held  that  Kuhn  has  given  the 
coup  de  grace  to  this  version  of  a  correspondence  theory.  To 
the  extent  that  our  experience  is  generated  by  our  concepts, 
to  that  extent  we  discover  ourselves  in  our  experience.  We 
can  know  the  world  because  v/e  have  created  it.    To  that 
extent  it  appears  problematic  to  talk  as  though  our  concepts 
or  our  assertions  could  correspond  to  anything  independently 
real. 

This  reading  of  Kuhn  completes  a  retreat  into  idealism. 
The  reality  in  which  we  live  is  mental.    We  not  only  con- 
struct our  ideas,  but  in  doing  so  we  construct  a  world. 
Indeed,  having  fallen  into  skepticism  and  idealism,  we  are 
saved  from  solipsism  only  by  a  common  socialization. 

Now  I  doubt  that  many  cons true tivists  really  want  to  go 
where  this  path  has  led.    Can  it  be  avoided?    Let  us  approach 
this  question  first  by  asking  if  we  have  any  remaining 
standards  by  which  scientific,  ideas  can  be  appraised.    Let  us 
consider  two  classical  suggestions:    consistency  and 
workability. 

It  is  more  than  clear  that  consistency  will  not  take  us 
far.    Surely  it  is  nice  if  our  ideas  are  consistent.    But  it 
iF  also  clear  that  there  are  different  sets  of  competing 
Ideas  that  are  internally  consistent.    The  point  is  to 
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discover  which  are  true.    That  was  supposed  to  be  the  point 
of  the  save -the -appearances^  story.    Consistency  will  not  get 
us  far. 

Can  we  defend  a  pragmatic  view  of  truth?    Here  I  want 
simply  to  note  the  usual  difficulties  with  pragmatism  as  a 
theory  of  truth.     Pragmatism  tends  either  to  lead  to  complete 
subjectivism,  or  it  turns  out  to  be  a  variant  on  the  save- 
the -  appearances  story . 

Suppose  Johnny  believes  in  Santa  Claus.     Suppose  also 
that  believing  in  Santa  works  for  Johnny  in  that  it  makes  him 
feel  good.    Moreover,  so  long  as  he  believes,  he  gets  an 
extra  present  at  Christmas.    Santa  antes  up  along  with  Mom 
and  Dad.    His  belief  does  no  particular  harm.    Does  this 
count  as  workin^j?    To  answer  "yes"  is  to  give  full  e.:pression 
to  the  epistemological  death  wish.    There  are  no  constraints 
on  what  can  work. 

Are  there  alternatives?    Well  we  might  argue  that 
Johnny's  belief  will  not  sti.'nd  examination  in  the  light  of 
various  facts  known  to  Johnny.    Perhaps  Johnny  has  no 
chimney.     Perhaps  Santa  looks  suspiciously  like  Daddy. 
Perhaps  it  is  hard  to  conceive  of  the  logistics  required  by  a 
one  man/one  night  planetary  binge  of  philanthropy.  Thus 
Johnny's  ideas  do  not  work.    But  here  workability  has  come  to 
mean  saving  the  appearances.     It  has  become  a  misdoscribed 
variant  of  empiricism.     Most  versions  of  pragmatism,  it  seems 
to  me,  share  this  fate.    They  turn  out  to  lead  to 
subjectivism  or  empiricism. 

Note  again  the  strategy.     I  have  proceeded  to  expand  what 
might  b2  meant  by  seeing  ideas  as  constructs.    What  seems 
interesting  is  that  at  that  point  at  which  constructivism 
seems  to  begin  to  mean  something  interestingly  different  from 
what  philosophers  tend  to  commonly  hold,  it  tends  to  collapse 
into  skepticism  and  solipsism.     But,  of  course,  I  have  not 
shown  this  to  be  the  case.     I  have  merely  suggested  some 
reasons  for  the  trend. 


Note  again  the  criteria  to  which  I  have  generally 
appealed.     First,  I  have  assumed  that  accounts  of  science 
roust  give  an  account  of  objectivity.    It  is  important  here 
not  to  commit  the  elementary  mistake  of  confusing  objectivity 
with  certainty.    No  doubt  much  of  what  ve  now  believe  will 
prove  untrue.    Only  the  naive  are  certain.    But  accounts  of 
truth  are  accounts  of  what  it  means  for  an  idea  to  be  true. 
They  need  not  assume  that  we  are  certain  about  which  of  our 
current  ideas  arc,  in  fact,  true.    What  an  account  of 
objectivity  requires  is  that  we  be  able  t^    ^''o.ain  why,  at 
the  momerc,  it  is  more  reasonable  to  beli*      one  thing  rather 
than  another.     Cons true t ivists ,  at  least  in  their  more 
radical  and  interest'. og  varieties,  need  to  tell  us  a  story 
that  does  not  rely  ^.^  saving  the  appearances.     Stories  about 
saving  appearances  can  be  converted  into  correspondence 
theories  of  truth. 

Second,  constructive sts  need  to  account  for  the  fact 
that,  to  a  remarkable  extent,  human  beings  share  common  con- 
cepts.   The  most  obvious  explanation  for  this  is  that  con- 
cepts are  not  generally  construct  d  by  individuals  so  much  as 
they  are  shared.    That  is,  they  are  acquired  as  the  result  of 
some  form  of  communication  the  primary  Instrument  of  which  is 
language.     It  may  be  that  individuals,  in  some  sense,  must 
construct  their  own  concepts.    But  whatever  this  means  it 
cannot  mean  that  people  do  not  communicate  with  one  another 
by  words.    And  it  may  be  that  what  is  said  Is  interpreted 
uniquely  by  each  individual,  given  that  individual's  current 
concepts.     But  this  cannot  mean  that  each  of  us  lives  in  a 
private  world  where  we  hold  no  views  in  common.  Stephen 
Toulmin  expressed  the  right  idea  here,     "Each  of  us  thinks 
his  own  thoughts,  our  concepts  we  share  with  our  fellow  men." 

These  are  not  only  standards  that  any  coherent  epistemol- 
ogy  needs  to  meet;  they  are  important  pedagogically .  In 
science  instruction  we  expect  students  to  deal  with  ideas 
that  have  been  generated  by  others.    These  are  a  few  among  a 
wide  range  of  available  ideas.    If  they  have  no  special 
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Status,  the  curriculum  is  an  arbitrary  intervention  in  the 
free  constructive  activity  of  students..    In  science  classes 
we  expect  students  to  deal  with  apparatus,  laboratories,  and 
e:;periments .    Why?    If  these  activities  have  nothing  to  do 
with  why  it  is  more  reasonable  to  believe  one  thing  than 
another,  then  these  characteristic  activities  of  science  are 
nothing  more  than  legitimation  rituals,  and  we  are  doing 
nothing  more  than  sharing  with  a  few  students  the  secrets  of 
maintaining  our  undeserved  social  positions.     If  every  idea 
is  a  good  as  every  other  and  if  that  which  certifies  an  idea 
for  a  particular  student  is  the  fact  that  it  is  a  personal 
construct,  it  is  simply  mysterious  as  to  ^my  we  should  teach 
or  why  students  should  care  what  we  teach. 

Education  is  fundamentally  the  initiation  of  a  new  gener- 
ation into  a  cultural  heritage.    Concepts  are  cultural  arti- 
facts that  have  evolved  over  many  human  generations.  Children 
become  human  by  internalizing  sorae  part  of  this  conceptual 
storehouse.    The  fundamental  thing  about  concepts  is  their 
social  character.    Any  serious  view  of  human  learning  must 
contend  with  this  fact.    Problems  about  how  students  can  be 
encouraged  to  become  comprehending  intelligent  people  or  why 
they  often  fail  to  be,  need  to  be  framed  within  this  context. 
It  is  no  doubt  true  that  students  must,  in  some  sense,  con- 
struct their  own  concepts.     It  is  also  true  that  no  one  can 
believe  for  another  or  feel  another's  pain.     It  does  not 
follow  that  ideas  cannot  be  communicated  by  words.    The  cru- 
cial pedagogical  questions  do  not  concern  how  to  help  stu- 
dents to  learn  without  telling  them  what  they  are  supposed  to 
know.    They  concern  the  conditions  for  meaningful  discourse. 

The  objectivity  and  publicness  of  knowledge  thus  seem  to 
me  to  be  the  citadels  of  any  reasonable  account  of  teaching. 
It  may  be  that  a  const rue tivist  epistemology  can  be  developed 
that  is  both  true  and  interesting  and  that  does  not  do  vio- 
lence to  these  notions.    But  an  epistemology  that  does  do 
violence  to  these  notions  is  no  friend  to  a  theory  of 
teaching, 
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I  can  remember  being  moved  to  the  quick 
by  Dewey's  notion  (set  forth  in  Art  and 
Experienced  that  mind  should  be  conceived 
as  a  verb  and  not  a  noun,  that  it  had  to 
do  with  attentiveness,  with  care  and 
solicitude,  with  engagement  with  lived 
situations  (Greene,  1987,  p.  5). 


INTRODUOTIOtJ 

Of  late,  as  I've  read  or  heard  presented  work  done 
that  is  identified  as  having  a  cognitive  orientation  I've 
sometimes  felt  a  vague  unease.     I  chose  my  paper  topic  for 
this  cceting  to  give  me  an  impetus  to  explore  systematically 
this  unease. 

When  I  first  read  cognitive  psychology  and  cognitive 
science  work  and  first  learned  about  students  misconceptions 
or  alternative  frameworks,  I  felt  irairtediately  the  value  in 
these  ways  of  looking  at  learning  and  teaching.  Descriptions 
of  student  misconceptions  resonated  with  my  remembrances  of 
former  students*  difficulties  and  enriched  my  present 
practices.      Cognitively- oriented  work  provided  mc  with  a 
powerful  alternative  to  the  behavioristically  oriented 
educational  theories  in  which  I  had  been  trained.  The 
fruitfulness  of  a  cognitive  orientation  made  my  present 
inchoate  uneasiness  puzzling.    What  finally  helped  me 
crystallize  my  diffuse  dissatisfaction  was  a  statement  Howard 
Gardner  wrote  in  The  Mind's  New  Scienr^ 

To  my  mind,  the  major  accomplishment  of  cognitive 
science  has  been  the  clear  demonstration  of  tho 
validity  of  positing  a  level  of  mental 
representation;    a  set  of  constructs  that  can  be 


invoked  for  the  explanation  of  cognitive  phenomena, 
ranging  from  visual  perception  to  story 
comprehension.    Where  40  years  ago,  at  the  height 
of  the  behaviorist  era,  few  scientists  dared  to 
speak  of  schemas,  images,  rules,  transformations, 
and  other  mental  structures  and  operations,  these 
representational  assumptions  and  concepts  are  now 
taken  for  granted  and  permeate  the  cognitive 
sciences.  ('Jardner,  1985,  p.  383). 
The  thrust  of  cognitive  work  implieo  by  the  Gardner 
quote  moves  us  in  a  direction  I  think  mistaken.  By 
attempting  to  represent  and  explain  knowing  and  knowledge  it 
is  too  easy  to  focus  on  efforts  to  clarify  terms,  sharpen 
distinctions,  develop  taxonomies,  and  standardize  methods  and 
procedures.    We  begin  to  simplify,  to  construct  articial 
situations  or  clear  cases  to  facilitate  analysis.  Inevitably 
we  move  away  from  consideration  of  the  complexities  and 
difficulties  that  led  to  our  original  efforts  to  look  beyond 
behaviors,  to  try  to  understand  "the  learner-  in-the- 
process-of-learning  (West  and  Pines,  1985,  p.  1)." 

Gardner's  quote  does  not  apply  to  ail  cognitively 
oriented  work,  but  does  characterize  much  work,  work  I.  as  a 
teacher  and  teacher  educator,  fear  can  become  irrelevant  to 
pedagogy.    Why  should  it  matter?    Because  I  think  that 
pedagogy,  the  art  and  act  of  teaching,  is  the  most  important 
human  endeavor  there  is.  if  not  absolutely  so  then  certainly 
for  those  of  use  who  work  in  education.    The  generation  of 
new  understandings  matters  little  if  we  cannot  than  use  these 
insights  to  help  others  to  see  and  better  understand. 

Pedagogical  views  are  complex,  consisting  of  c  tucion  of 
assumptions  about  learning  and  development,  about 
instruction,  and  about  human  nature.     The  image  of  pedagogy 
that  guides  much  of  my  thinking  is  similar  to  one  implied  by 
Max  van  Manen: 

A  journal  of  pedagogy  then  is  a  particular  kind  of 
comraona.  a  space,  which  draws  like-minded  men  and 


women  to  engage  in  certain  kinds  of  discourse, 
dialogues,  or  conversations  about  the  lives  they 
live  together  with  children,  adolescents,  adults, 
or  with  those    young  or  old,  entrusted  to  their 

pedagogic  care          (Pedagogy  entails)  a 

thought fulness  about  the  limits  and  possibilities 
of  how  we  speak,  of  the  languages  of  common  sense 
and  science;    a  thoughtfulness  of  how  we  construct 
and  perpetuate  ^he  often  repressive  institutional 
and  ideological  environments  in  which  we  live  and 
in  which  we  place  our  children  (1983,  p.  i). 
In  this  paper  I*d  like  to  discuss  three  specific  dangers 
I  see  inherent  in  the  research  aims  stated  by  Gardner.  These 
are;    a  reification  of  knowledge,  a  lack  of  concern  with  the 
contexts  in  which  most  formal  teaching/learning  occurs,  and  a 
denial  of  the  emotional  elements  of  learning. 


MIND  AS  A  VERB:  KF-^FICATION  OF  KNOWLEDGE 

There  is  lack  of  unambiguous  definitions  of  terms  in 
cognitive  psychology,  many  kinds  of  methods  are  being  used. 
We  are  still  working,  our  conceptualizations  are  developing, 
so  there  is  some  inconsistency.      However,  ^oo  nmch  focus  on 
the  methods  to  elicit  and  represent  cognitive  structures  may 
generate  the  kind  of  mentalist  murabojumbo  (see  Greer,  1983) 
that  gave  rise  to  behaviorism.     Scientistic  pressures,  which 
all  of  us  have  internalized  to  some  degree,  may  pull  us  to 
develop  general  procedures  and  standard  practices  so  that 
quick  and  easy  comparisons  across  studies  are  possible  and 
communication  is  more  efficient. 

There  is  nothing  wrong  with  clarity  or  consistency.  But 
to  try  to  reach  these  ends  by  developing  general  procedures 
to  gather  data  and  universal  methods  to  analyze  and  explain 
them  can  lead  too  easily  to  a  reification  of  knowledge,  an 
acceptance  of  knowledge  as  external  and  objective.    How  does 
this  happen?     As  I  read  some  of  the  articles  on  student 
misconceptions  in  biology,  for  example,  I  detect  an  implicit 
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•'right  answer/wrong  answer"  bias.      Instead  of  representing 
student  knowledge  structures  in  an  effort  to  learn  how 
students  are  making  sense,  the  focus  switches  to  the 
representations  of  learners'  knowledge,  and  these  are 
compared  to  some    "correct"    representation.    We  may  be  more 
sophisticated  and  talk  about  degrees  of  rightness  or 
wrongness,  but  knowledge  once  again,  has  been  reified. 
Knowledge  is  a  product  that  exists  external  to  humans,  and 
the  processes  of  making  sense  are  ignored,  as  are  the  people, 
as  are  conditions  that  could  produce  different  views  of 
subject  matter  concepts. 

We  must  remember  that  when  we  develop  representations  of 
mental  structures  processes,  we  are  only  developing  models. 
We  are  making  metaphors  -  this  person  talks        If  she  were 
viewing  heat  in  this  fashion,  this  person  reacts  as_though  he 
were  making  this  kind  of  mental  transformation.      If  we 
forget  the  subjunctive,  the  metaphor ic  nature  of  our  models, 
we  may  forget  to  be  interested  in  the  activities  of  people 
constructing  and  refining  knowledge.  This  forgetfulness  is 
all  too  common  in  educational  research  and  curriculum 
development.    An  example  can  be  found  in  many  of  the  packages 
being  sold  that  are  designed  to  foster  "critical  thinking"  or 
"higher  order  thinking  skills."    As  Hultgren  observed: 
The  more  tightly  we  control  our  language  and 
discourse  about  thinking  in  this  way,  the  more 
severely  we  cover  or  suffocate  what  it  is  that  we 
are  seeking  to  illuminate.     If  we  nand  down  these 
(thinking)  skills  from  teachers  to  students,  and 
then  measure  whether  or  not  students  have  ii.Jeed 
learned  these  skills,  what  do  we  really  come  to 
understand  about  what  thinking  is  like?  (Hultgren, 
1987,  p.  3). 

Given  the  tradition  of  research  in  which  most  of  us  were 
raised,  it  is  not  difficult  to  see  how  a  search  for  products, 
for  agreed  upon  universal  procedures  develops.     It  is, 
though,  possible  to  communicate  about  our  work  in  a  way  that 
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does  not  focus  on  outcome  measures  and  does  not  forget  the 
iiiherent  afflbiguity  of  all  procedures.    The  discussion  by 
David  Cohen  (1987)  provides  one  model.    His  description  lets 
us  experience  vicariously  how  his  students  used  their  concept 
maps  to  discuss  their  own  thinking  and  understandings.  Such 
research  Is  more  difficult  to  write  because  the  description 
has  to  be  rich  and  terms  used  have  to  be  carefully 
explicated. 

Analysis  of  classroom  communications  can  provide 
another  way  for  us  to  study  learners  In  the  process  of 
learning.     Lemke  (undated)    used  "social  semiotics"  to  study 
discourse  In  physics  classrooms,    A  social  semiotics  assumes: 
all  meaning  Is  made  by  specific  human  social 
practices.    When  we  say  that  the  masnery  of  physics 
or  literary  criticism  Is  being  able  to  talk  physics 
like  a  physicist  or  write  analyses  like  a  critic, 
we  are  talking  about  making  the  meanings  of  physics 
or  literary  criticism  using  the  resources  of  spoken 
and  written  language.    Talking  physics  and  writing 
criticism  are  social  practices.     (Lemke,  undated, 
p.l) 

In  this  paper  Lemke  uses  the  notions  of  genre  and 
semantic  patterns  to  analyze  a  brief  teacher/student 
discussion  In  a  physics  class.    His  analysis  Is  a  powerful 
one  for  It  allows  us  to  see,  not  just  the  existence  of  but 
the  perpetuation       a  student  misconception.     Lemke  teases 
out  how  the  student  falls  to  grasp  a  distinctions  made  by  the 
teacher  and  how  the  teacher,  using  the  formal  language  of 
physics,  does  not  detect  his  failure  to  make  a  distinction 
explicit  In  a  way  the  student  could  grasp.    Student  and 
te.-'cher  used  the  same  words  but  not  the  same  meanings.  The 
student's  confusion  continued. 

Lemke *s  analyses  are  painstaking  and  time  consuming.  No 
one  in  the  act  of  teaching  could  make  such  analysis. 
However,  the  analyses  can  alert  us  to  the  kinds  of 
tclscommunlcatlons  that  occur  when  a  novice  and  expert  tCilk 
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about  subject  matter  and  give  us  another  way  to  look  at 
student  thinking  in  a  discipline. 

ENGAGE!^RNT  WITH  T.TVRD  SITUATIONS-     THE  CONTKXTS  OF  l.KARNTWfl 

In  discussing  teaching  for  conceptual  change,  Strike  and 
Fosner 

see  learning  as  a  rational  enterprise,  and  we 
understand  rationality  as  having  to  do  with  the 
conditions  under  which  a  person  is  or  should  be 
willing  to  change  his  or  her  mind  (Strike  and 
Posner,  1985,  p.  211). 

The  definition  of  and  methods  that  then  lead  to  the 
development  of  ratio..ality  have  been  of  interest  to  many. 
MacMlllan  (1985)  uses  a  broad  definition  of  rationality  and 
then  argues  that  learning  rationality  begins  with  a  process 
more  akin  to  training  than  to  education 

Rationality  in  teaching  is  possible  only  when  thsre 
has  already  been  a  nonrational  impartation  or 
training  in  the  procedures  of  rationality,  as  part 
of  the  more -or- less  primitive  language  games  and 
world-pictures  inherited  from  the  cultural  and 
social  context  in  which  the  individual  has  giown 
up"  (MacMlllan,  1985,  p.  419). 

Schools,  however,  do  not  always  provide  training  in  the 
procedures  of  rationality,  nor  settings  which  allow 
rationality.    Many  writers  have  looked  at  the  political 
forces  shaping  schools,  at  the  "hidden  curriculum"  and  other 
ways  schools  serve  to  perpetuate  existing  social  inequities. 
Britzman  (1986)  explicates  how  the  compulsory  nature  of 
schooling  creates  antagonisms  between  teacher  and  student. 
These  antagonisms  produce  a  need  for  control,  and  teachers 
spend  much  of  their  eneirgy  exerting  control.    Many  of  the 
language  patterns  developed  in  the  school  serve  to  enforce 
Control.    Control  language  patterns  arc  not  those  that 
characterize  rational  inquiry  or  discussion.    The  development 
C'f  school  language  patterns  whose  purpose  is  control  begins 


early.    Freebody  and  Baker  (1985)  examined  the  speech 
patterns  presented  in  basal  readers. 

Finally,  the  representation  of  an  orderly, 
centrally  governed  turn- taking  system  may  be  seen 
as  a  means  of  presenting  the  turn- taking  system  of 
classroom  talk-    The  idealized  versions  of  child- 
adult  talk  shown  in  the  readers  approximate  the 
orderliness,  formality,  and  centralized  control  of 
instructional,  conversational  routines  known  to 
characterize  "teaching  and  learning"  talk  (Edwards. 
1980,  1981;    McHoul  1978;    Mehan.  1979)  more  than 
they  reflect'  the  complexity,  infcrriality .  and  local 
management  of  everyday,  conversational,  multiparty 
talk  (Freebody  and  Baker,  1985,  p.  395). 
If  we  fail  to  attend  to  the  control  mechanisms  operating 
in  schools,  our  efforts  to  use  cognitive  psychology  to 
produce  changes  can  only  fail.    In  a  1986  address  to  the 
Ethnography  in  Education  conference  Susan  Florio-Ruane 
described  how  a  teacher  subverted  cognitively  oriented 
scaffolding  techniques  (such  as  those  described  by  Palincsar. 
1986)  for  the  teaching  of  writing.    Techniques  designed  to 
facilitate  writing  as  process  were  interpreted  and  applied  in 
a  way  that  maintained  teacher  control  and  so  encouraged  rote 
learning . 

As  we  look  for  ways  to  increase  comprehension  and 
meaningful  discussion,  we  must  be  aware  that  the  meanings 
assigned  to  those  strategies  will  be  interpreted  through  a 
framework  developed  in  formal  schooling.     If  we  are  committed 
to  improving  learning,  we  must  examine  the  taken- for- granted 
structures  in  schools  and  how  they  must  be  modified.  We 
cannot  be  content  with  schools  is  they  are,  for  their 
structures,  internalized  by  actors  within  them,  interfere 
with  efforts  to  facilitate  cognitive  change  and  meaningful 
learning. 
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rftyp  AND  SOLICITUDE:     THE  EMOTIONS 

Much  of  the  work  in  cognition  assiduously  avoids  any 
consideration  of  emotion,  or  as  educational  jargon  would  have 
it,  the  affective  domain.    To  make  such  a  separation  not  only 
eviscerates  the  conception  of  a  human  but  also  leads  to 
inaccurate  results  of  experimentation  in  cognition.  Leslie 
Hart  (1976)  explicated  nicely  a  mechanism  that  accounts  for 
the  complex  relationship  between  emotion  and  cognition.  His 
model  makes  sense  of  ths  findings  that  demonstrate  how 
emotions  strongly  influence  cognition. 

In  school  classrooms  in  which  the  teacher's  practices 
instantiate  the  control  functions  of  schooling  and  the 
implicit  hierarchial  organization  of  people  and  knowledge, 
knowledge  becomes  power,  wielded  by  those  who  have  it  over 
those  who  do  not.    However  subtly  control  operates,  the 
emotional  climate  generated  is  one  of  domination  and  fear, 
rather  than  care  and  solicitude.      The  thinking  of 
individuals  will  be  constricted,  as  will  the  social 
interactions  necessary  for  rational  discussion.    In  such 
settings,  students    can  play  it  safe,  follow  the  rules,  and 
passively  memorize  to  pass  the  tests.     Or,  students  can 
resist  and  refuse  to  memorize.     In  either  case,  knowledge 
remains  external,  no  new  meanings  are  generated  and  students 
will  remain  uninvolved. 

Those  of  us  who  want  to  change  what  goes  on  in  schools 
need  to  surface  the  assumptions  that  lead  to  this  emotional 
state.    We  need  to  sense  the  feelings  that  lead  students  to 
respond  in  "safe"  ways.    We  need  to  examine  our  own  practices 
to  make  visible  the  assumptions  we  have  about 
teaching/learning  that  have  too  much  to  do  with  control  and 
too  little  to  do  with  learning.    Until  we  look  at  and  amend 
our  own  practices,  we  cannot  hope  to  provide  the  sanctuary 
within  which  rational  discourse  can  occur  and  deeper 
understandings  can  develop.    We  must  learn  to  work  with 
people  before  we  can  work  with  cognition.     If  wr  cannot 
create  the  emotional  climates  necessary  for  communication  - 
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thinking  and  speaking  -  all  our  cognltively  oriented  work 
will  be  wasted 


CONCLUSION 

Are  these  dangers  inevitable?    Will  work  on  human 
cognition  develop  into  one  more  search  for  angels  dancing  on 
pinheads?    Not  necessarily,  but  X  think  we  have  to  examine 
our  practices  most  carefully.     West  and  Pines  raentian  that 
the  use  of  qualitative  research  methods  has  contributed 
greatly  to  the  growth  of  cognitive  psychology.    We  must  r.ake 
sure  that  we  are  really  using  new  perspectives  and  not  trying 
to  fit  "qualitative"  data  into  former  scientistic  molds.  We 
must  practice  ways  of  doing  and  communicating  about  research 
that  are  rigorous  and  systematic  but  do  not  mirror  the 
dangers  we  have  seen  in  thoughtlessly  applied  quantitative 
methods. 

We  must  make  our  research  reports  richer  and  broader. 
It  is  not  enough  to  describe  differing  ways  students  conceive 
of  a  subject.    We  must  attempt  to  describe  the  processes  and 
contextual  factors  that  contributed  to  those  understandings 
and  document  other  ways  of  teaching/learning  to  avoid  or 
ameliorate  the  problems.    We  must  work  to  produce  the 
contexts  needed  to  foster  the  thinking  of  people  as  they 
attempt  to  live  richly.    We  have  to  try  things  out  and 
document  our  trials,  sharing    with  each  other.    Wc  must 
become  story  tellers,  able  to  tell  our  stories  without  bias 
but  with  the  richness  that  will  allow  others  to  share  our 
work  with  people  struggling  with  real  issues. 
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SCIENCE  FOR  THE  NON^SCIENCE  MAJOR 

Donald  J.  Ursino 
Department  of  Biological  Sciences 
Brock  University 
St.  Catharines,  Ontario,  Canada  US  3A1 

Concerns  regarding  the  quaUty  of  science  education  in 
Canada  have  recently  been  expressed  by  the  Science  Council 
of  Canada  in  the  document,  "Science  for  Every  Student"  (1). 
In  this  document,  the  Council  states  that  'Canada  needs  all 
its  citizens  to  be  scientifically  literate*,  and  to  this 
end,  supports  a  concept  of  scientific  literacy  as  a  guide 
for  the  development  of  science  programs*    As  well,  the 
Science  Teachers*  Association  of  Ontario  (STAO)  has  recently 
declared  that  *  scientific  literacy  should  be  the  principal 
purpose  of  science  education  in  every  currlcular  division* 
(2). 

To  most  peoDle,  literacy  means  an  ability  to  read  and 
to  write;  skills  that  are  easy  to  acquir.  and  measure,  and 
that  can  be  improved  upon  with  practice  and  experience. 
Fur^-hermore,  possession  of  thcae  skills  does  not  specify 
what  it  is  to  be  read  or  written.    When  the  word,  'literacy* 
is  prefaced  by  *scientif ic' ,  however,  it  is  often  assumed 
that  the  skills  of  reading  and  writing  are  merely  being 
channelled  to  the  reading  and  to  the  writing  of  science. 
Such  an  interpretation  is  naive  and  incorrect,  for  it  doer 
not  reveal  the  competencies  that  the  scientif Ict^lly  literate 
person  is  '•xpected  to  possess,  and  therefore  does  not  reveal 
the  skills,  knowledge,  and  attitudes  which  tne  teacher  of 


science  strives  to  develop  in  the  learner.    Given  the 
cryptic  nature  of  this  term,  it  is  not  surprising  that 
different  interpretations  will  exist,  and  that  confusion  can 
often  result  whenever  a  dialogue  on  this  topic  is  held.  In 
the  absence  of  any  explicit  definition  for  the  concept  of 
scientific  literacy,  ii  is  important  that  those  using  the 
phrase,  define  it. 

The  Science  Teachers*  Association  of  Ontario  which,  as 
stated  earlier,  promotes  scientific  literacy  as  the 
principal  purpose  of  science  education,  has  indeed,  provided 
its  concept  of  scientific  literacy  in  its  recent  curriculum 
policy  paper  (2).    It  does  so  by  identifying  those  abilities 
which  it  expects  the  scientifically  literate  person  to  be 
able  to  demonstrate     These  ai'e: 

1.  the  ability  to  understand  and  to  be  able  to  apply 
scientific  thinking  -  process  ski  s  and  problem- 
solving  , 

2.  the  ability  to  apply  scientific  knowledge  to  daily 
living, 

3.  the  ability  to  recognize  that  science  is  a 
discipline  with  an  ever-expanding  body  of  know- 
ledge, 

4.  the  ability  to  understand  the  application  of 
science  to  technology, 

5.  the  ability  to  apply  scientific  knowledge  to  the 
decision-making  process, 
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6,     the  ability  to  understand  the  development  of 
science  in  an  historical  context, 

7*  the  ability  to  have  a  feeling  of  3eIf*worth  and 
'fa te-controX '  as  a  result  of  an  adequate  know- 
ledge base  and  problem-solving  skills. 

Certainly  the  above  list  recognizes  valuable  qualities 
for  people  to  have  In  our  society  today.     It  also  presents 
significant  challenges  to  teachers  of  science,  both  in 
regards  to  teaching  effectively  towards  these  goals,  and 
designing  the  appropriate  instruments  to  determine  the 
extent  to  which  these  objectives  are  being  achieved. 

It  is  important  to  note  that  the  above  list  of 
abilities  does  not  include  any  reference  to  a  specific  body 
of  knowledge.    For  example,   there  is  no  statement  that 
suggests  th^t  scientific  literacy  must  include,  * th^  ability 
to  comprehend  those  basic  concepts  inherent  to  the  various 
disciplines  that  comprise  the  physical  and  ^ ' sciences*. 
Presumably,  therefore,  the  choi  e  of  subject  matter  is 
clearly  secondary  to  the  more  Importan*:  objectives  assoc* 
iated  with  scientific  literacy.     A  wel^-planned  and  well- 
taught  course  in  any  science  should  be  able  to  contribute 
significantly  to  the  development  of  scientific  literacy, 
without  having  to  'expose*   the  learner  to  a  vast  array  of 
subject  matter  from  a  number  of  scientific  disciplines. 

Most  often,  however,  scientific  literacy  Is  not  the 
only  objective  of  a  science  course.     In  fact,  concern  fcr 
presenting  the  basic  concepts  of  one's  discipline,  for 
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providing  career  preparation,  and  ^^c  'covering'  topics 
deemed  to  be  prerequisite  for  more  advanced  courses,  are 
concerns  likely  to  diminish,  significantly,  the  attention 
which  scientific  literacy  receives.    The  objective  of 
scientific  literacy  will  be  further  compromised  in  courses 
having  an  excessive  knowledge  content,  and  staffed  by 
instructors  who  perceive  a  strong  association  between 
scientific  literacy  and  the  acquisition  of  an  extensive  and 
specific  body  of  knowledge. 

Like  many  colleges  and  universities.  Brock  University 
requires  all  of  its  students  to  complete  a  science  require- 
ment in  their  undergraduate  program.    The  rationale  for  this 
requirement,  as  Initially  stated  In  1969,  was,  "to  permit 
the  students  to  Investigate  the  principles  by  which  the 
physical  (including  biological)  world  operates,  in  order  to 
understand  the  present  technical  basis  of  our  clvll- 
zatlon"    The  above  statement  has  not  been  revised  since 
and  remains  obscure  within  the  Mniverslty,  even  to  those 
Involved  In  teaching  the  sciences .    Nevertheless ,  the 
regulation  remains  and  all  students  must  enrol  in  at  least 
one  science  course. 

To  satisfy  the  science  requirement,  students  may  enrol 
in  science  courses  that  are  part  of  the  science  programs,  or 
they  may  select  one  of  the  science  courses  designed 
especially  for  non-science  majors.    Non-science  students 
usually  choose  one  of  the  five  science  courses  designed  for 
them  by  the  Departments  c    Physics  (astronomy).  Chemistry, 
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Biology,  Ceology,  and  Geography.    Not  only  can  these  courses 
for  non-science  majors  be  as  intellectually  stimulating  and 
demanding  as  the  'regular*  science  courses,  but  they  can 
also  provide  ideal  environments  for  focusing  on  scientific 
literacy*    It  is  In  such  courses  that  this  objective  can  be 
established  and  maintained  as  the  primary  one. 

The  course  which  the  biology  department  offers  to  thfi 
non*science  majors  carries  rhe  title,  "Biology,  Man  and 
Environment"  (Biology  125);  a  title  th^t  is  broad  enough  to 
accommodate  virtually  any  biological  theme.     Since  1984,  the 
enrolment  in  this  course  has  surpassed  700  students  per 
year*    To  accommodate  this  number,  two  lecture  sections  are 
offered,  as  well  as  30  laboratory*seminar  &ec*'ions*  This 
26-week  course  consists  of  two  lecture  hours  per  week,  as 
well  as  eight  laboratory  and  two  seminar  sessions. 

Predictably,  the  students  in  such  a  course  constitute 
a  diverse  group  in  regards  to  experience  in  science,  and 
motivation  and  attitudes  towards  science.    There  are 
students  in  the  course  sufficiently  qualified  to  be  science 
majors;  there  are  others  who  abandoned  science  after  grade 
nine  in  high  school*     Some  of  the  students  have  confidence 
in  their  abilities  to  comprehend  and  succeed  in  science; 
others  will  enter  with  little  confidence  and  with  consider- 
able anxiety*    There  will  be  those  who  accent  the  science 
requirement  willingly,  and  with  the  expectation  of  a 
valuable  learning  experience;  others  will  view  the  require- 
ment as  a  necessary  evil  to  be  accommodated  with  a  minlmur 
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of  effort*     It  is  a  significant  challenge  to  develop  a 
course  that  accommodates  this  diversity  of  students,  for  one 
must  challenge  the  experienced  science  students  without 
intimidating  or  discouraging  those  who  are  less  prepared* 
And,  of  course,  one  wants  the  course  to  be  viewed  by  all 
students  as  a  worthwhile  experience,  and  one  likely  to  have 
considerable  long-term  value* 

With  few  exceptions,  the  non-science  majors  in  this 
course  are  enrolling  in  their  final  science  course*  It 
becomes  important,  therefore,  to  clearly  determine  the  know- 
ledge, skills,  and  attitudes  that  one  should  attempt  to 
develop  in  these  students*    Or  if  expressed  in  the  context 
of  'scientific  literacy',  one  needs  to  decide  which  of  the 
competencies  associated  with  scientific  literacy  should  be 
developed  in  these  students*     Certainly  the  aC';uisition  of  a 
specific  body  of  knowledge  or  skills  for  vocational  needs, 
or  as  a  prerequisite  foe  further  courses,  is  not  important 
for  these  students;  the  development  of  scientific  literacy 
is ,  however  * 

As  defined  by  STAO,  and  presented  earlier,  scientific 
literacy  incorporates  a  number  of  abilitl'*"  and  insights. 
Since  it  is  difficult  to  address  all  of  these  a<^,equately  in 
any  pingle  science  course,  a  more  realistic  strategy  is  to 
select  a  limited  number  of  objectives  u^on  which  to  focus* 
The  three  objectives  which  constitute  my  preference  are 
briefly  identified  below* 


Objective  #1:    To  have  the  students  recognize  that 
•science*  Is  but  another  way  of  knowing  and  that  knowledge 
claims  are  constructed  on  the  basis  of  Information  gathered 
by  a  variety  of  modes  of  enquiry.     As  a  consequence, 
students  should  recognize  that  such  knowledge  claims  will 
Inevitably  be  limited  by  the  quality  of  Information  avail- 
able and  by  the  Intellectual  resources  of  the  Investigators, 
and  will  be  constrained  by  the  paradigms  In  which  the 
Investigations  are  being  conducted.     Such  knowledge,  there- 
fore, will  be  vulnerable  to  modification  or  rejection  on  the 
basis  of  new  Information,  more  novel  Interpretations,  or 
competing  knowledge  claims. 

Objective  #2:    To  have  the  students  examine.  In  depth, 
a  few  topics  that  hopefully  they  will  perceive  as  being 
ImporUnt  and  personally  relevant.    There  Is  no  Intant  to 
Indoctrinate  the  students,  however.  It  Is  Intended  that  such 
Intensive  studies  will  challenge  the  students  to  reflect  on 
some  of  their  attitudes,  and  behaviours.    For  example,  a 
unit  on  cardiovascular  physiology,  aerobic  fitness,  and 
heart  disease,  should  challenge  the  students  to  reflect  upon 
their  own  level  of  participation  In  aerobic  activities*  The 
unit  on  the  biology  of  cancer  does  provoke  the  students  to 
re-examine  their  lifestyle  choices  In  regards  to  risk 
factors. 
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Objec»-'.ve  #3:    To  develop  a  positive  attitude  towards 
the  learning  of  science  so  that  the  students  will  want  to 
read,  to  listen  to,  or  to  view,  some  contemporary  Issues 
having  a  science  component;  issues  that  are  communicated 
through  newspapers  and  magazines,  and  through  radio  and 
television. 

The  three  objectives  Identified  above,  focus  on 
process.  Issues  and  attitudes.    These  objectives  are 
Important  components  of  scientific  literacy  and  are 
especially  challenging  to  pursue  with  students  who  are  not 
science  majors.     Below  Is  an  elaboration  of  these 
objectives . 

I.    PROCESS;     If  students  are  to  recognize  that  know- 
ledge claims  made  In  science  are  dependent  upon,  and  derived 
from  observation,  measurement,  and  data  analysis,   then  the 
students  should  routinely  experience  opportunities  to 
observe  and  to  assess  data,  and  to  construct  and  evaluate 
explanations*    This  requires,  of  course,  that  the  students 
are  made  aware  of  the  experimental  protocol  from  which  the 
data  Is  obtained.    In  fact,  as  the  course  progresses,  one 
can  expect  them  to  become  more  experienced,  and  often  more 
sophisticated.  In  assessing  the  methodology  of  r>-ose  Invest- 
igations selected  for  study  and  analysis. 

To  emphasize  the  empirical  nature  of  science,  I  favour 
describing  experimental  Investigations  and  presenting  data 
In  my  lectures.     For  example,  a  six-week  unit  on  cardio- 
vascular physiology  and  fitness  was  initiated  by  describing 
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8one  studies  in  which  the  investigators  focused  on  some  of 
the  dimensions  of  the  heart,  especially  thickness  and  mass 
of  the  left  ventricular  wall,  and  the  Internal  dimensions 
tnd  volumes  of  the  chambers*    After  briefly  describing  the 
structure  of  the  heart,  the  techalque  of  echocardiography, 
and  the  methodologies  of  the  studies,  the  dimensions  could 
then  be  presented*     In  some  of  the  studies,  data  were 
presented  for  groups  of  runners,  swimmers,  cyclists,  weight- 
lifters  and  wrestlers,  as  well  as  for  age-matched,  non- 
athletes*     In  another  study^  various  dimensions  of  the  heart 
were  presented  for  a  group  of  males,  both  before  and  after  a 
well-defined  training  program*    As  the  dimensions,  as  well 
as  sample  size  and  standard  deviations,  are  being  presented 
in  tabular  form,  it  soon  becomes  apparent  to  the  students 
that  large  differences  exist  between  the  various  athletic 
groups*    The  aerobic  athletes  have  larger  left  ventricular 
volumes  and  the  power  athletes  have  thicker  walls*  "^e 
students  are  also  able  to  use  the  data  from  some  of  the 
studias  to  suggest  that  the  differences  have  resulted  from 
specific  trainip<»  protocols,  rather  than  from  Inherent  diff- 
erences that  preselect  individuals  into  specific  sports* 
The  use  of  such  studies  allows  the  students  to  make  some 
knowledge  claims,  and  to  attempt  to  provide  some  explan- 
ations for  the  differences  that  are  observed*    It  also 
elicits  uncertainties  regarding  the  experimental  protocol, 
and  provides  a  basis  for  discussing  the  design  of  invest- 
igations thit  would  clarify  these  uncertainties*    Even  In  .1 


lecture  hall  with  AOO  students,  an  Instructor  with  a  port- 
able microphone  can  elicit  student  Involvement  with  the  data 
being  presented* 

It  is  Important,  of  course,  to  begin  with  studies  that 
are  easy  to  comprehend*    These  studies  should  provide  data 
which  permits  observations  to  be  recognized  quickly,  and  for 
which  explanations  can  be  easily  constructed*    More  sophist- 
icated and  difficult  studies  can  be  expected  wO  follow*  In 
the  unit  on  cardiovascular  fitness,  the  initial  studies  that 
focus  on  the  dimensions  of  the  heart,  are  followed  by 
investigations  that  look  at  arterial  diameters,  blood 
pressure  measurements,  blood  lipoprotein  concentrations  and 
glucose  tolerance  and  insulin  sensitivity,  in  various 
athletic  groups,  both  young  and  older,  and  In  age-matched, 
non-athletic  e^o^P**         course,  each  of  the  above  tcplcs 
requires  the  presentation  of  some  descriptive  biology,  but 
such  information  is  given  only  to  an  extent  that  it  enables 
students  to  understand  the  research  investigations  that  are 
t.o  be  examined*    The  emphasis  remains  on  the  presentation  of 
data,  on  means  and  samp]<>  sizes,  and  on  differences  that  are 
statistically  significant*    Students  will  repeatedly  be 
encouraged  to  look  for  valid  control  populations,  to 
Identify  the  controlled  and  uncontrolled  variables,  to 
assess  the  experimental  design,  and  most  importantly,  to 
construct  knowledge  claims  and  explanations* 

In  addition  to  the  immediate  outcomes  that  the  present- 
ation and  analysis  of  empirical  studies  provide,  important 


principles  relating  to  science  generally,  and  to  biology 
Specif ically,  will  also  emerge  as  the  course  progresses* 
Ihese  principles  are  brought  to  the  attention  of  the 
students  at  appropriate  times  throughout  the  course*  Some 
of  the  principles  arising  from  the  unit  on  cardiovascular 
physiology  are  as  follows: 

1«      Biological  systems  arc  highly  structured  systems,  and 
measurements  of  structural  organization  oi  functlont»l 
processes  provide  numerical  values  that  are  not  random, 
but  which  show  a  pattern  of  distribution  within  Identifiable 
limits. 

2.  Structural  and  functional  properties  of  biological 
systems  can  be  modified  In  response  to  perturbations  or 
repeated  stress.    Furthermore,  when  differences  In  structure 
or  function  are  observed  between  'apparently'  similar  popu* 
lations,  explanations  can  be  constructed  to  account  for  the 
differences. 

3.  The  knowledge  claims  and  explanations  that  are  made 
regarding  natural  phenomena  must  be  siibJecLed  to  verifi- 
cation.   Furthermore,  In  response  to  the  development  of  new 
Investigative  methodologies,  to  an  expanding  body  of  Inform- 
ation, and  to  lnnovat5ve  thlnKlng,  one  can  expect  knowledge 
claims  and  explanations  to  be  constantly  reviewed,  and  to  be 
modified  or  rejected,  as  necessary.    Consequently,  state- 
ments claiming  'proof,   'truth*  or  'certainty*  must  be 
viewed  cautiously.     If  knowledge  claims  In  science  are 
indeed  constructed,  then  reference  to  the  'discovery*  of 
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scientific  knowledge  becomes  more  difficult  to  justify. 
A.      One's  confidence  In  observations  and  explanations  will 
Increase  when  the  supportive  information  can  be  verified  and 
when  large  sample  sizes  are  Involved.    Anecdotal  exper- 
iences,  though  often  Important  for  suggesting  further 
Investigations,  are  not  the  experiences  that  can  be  defended 
strongly  and  with  confidence. 

5.      Not  all  the  Information  obtained  In  science  must  come 
from  'experiments*  performed  in  the  laboratory  or  In  the 
environment.    In  fact,  significant  knowledge  claims  can 
arise  from  epidemiological  strategies  and  from  the  non- 
manlpulatlve  observation  of  natural  phenomena. 

Scientific  news  communicated  to  the  public  through  the 
various  media  Is  often  difficult  to  evaluate,  especially 
when  the  source  of  the  information  and  a  description  of  the 
Investigations  are  not  provided.    The  situation  Is 
especially  difficult  when  conflicting  Information  Is  at 
hand,  as  Is  often  the  case  when  one  Is  dealing  with  such 
Issues  as  environmental  quality,  the  Identification  of 
health  risk  factors,  safe  food  choices,  and  strategies  for 
health  promotion.    A  science  course  In  which  the  students 
regularly  evaluate  methodologies,  results.  Interpretations 
and  knowledge  claims,  should  be  providing  valuable  tools  for 
critically  evaluating  scientific  news  as  It  Is  presented 
through  the  various  communications  media. 
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XX«    ISSUES*    The  use  of  empirical  studies  to  examine 
selected  structural  and  functional  aspects  of  the  cardio- 
vascular system  is  not  the  primary  focus  cf  the  unit.  In 
fact,  these  studies  are  used  to  eventually  develop  the  con- 
cept that  biological  organizations  sre  responsive  to  stimuli 
and  that  adaptations,  both  structural  and  functional,  can 
result  from  the  repeated  exposure  to  stress*     In  this  unit, 
physical  activity  serves  as  the  stress. 

Even  the  development  of  this  Important  concept, 
however,  is  not  the  primary  purpose  of  the  unit.  Subsequent 
lectures  focus  on  cardiovascular  disease,  risk  factors 
associated  with  this  disease,  and  some  of  the  mechanisms  by 
which  exercise  might  modify  these  factors.    Ultimately,  data 
from  some  recent  studies  relating  physical  activity,  heart 
disease,  and  longevity  are  presented  in  lecture,  and  further 
discussed  by  the  students  in  seminar.    The  focus  on  life- 
style choices,  health,  and  longevity,  provides  £in  oppor- 
tunity to  address  some  interesting  and  provocati/e  contem- 
porary issues,  and  gives  the  entire  unit  on  cardiovascular 
physiology  a  relevance  to  many  of  the  students. 

There  is,  of  course,  no  shortage  of  topics  or  issues 
available  for  development  within  a  biology  course.  Last 
year,  in  audition  to  the  unit  on  cardiovascular  physiology, 
the  topics  of  cancer  induction,  animal  and  human  aggression, 
and  nuclear  winter,  were  also  investigated.     In  previous 
years,  issues  related  to  hu'nan  social  behaviour,  immunology, 
sexually- transmit  ted  dise^s»es,  Ionizing  radiation,  global 


population  growth,  agricultural  productivity,  and  habitat 
destruction,  have  also  been  addressed.     Despite  the  large 
number  of  topics  available,  one  must  recognize  that  the 
issues  that  etncrge  from  these  topics  are  value-laden,  and 
may  not  be  those  that  are  highly  valued  by  all  the  students. 
Students  who  value  personal  wellness  and  who  are  therefore 
receptive  to  such  topics  as  physical  activity,  nutrition, 
and  cancer,  may  not  be  especially  receptive  to  such  topics 
as  acid  rain,  nuclear  winter,  or  global  population  growth, 
where  environmental  quality  and  the  needs  of  future  gener- 
ations are  valued. 

III.    ATTITUDES.     If  the  *  scientifically  Uterate* 
person  is  expected  to  apply  scientific  knowledge  to  daily 
living,  to  apply  scientific  knowledge  to  the  decision -making 
process,  and  to  maintain  a  feeling  of  self-worth  and  f^te- 
control,  then  one  would  expect  such  a  person  to  maintain  an 
interest  in  some  issues  having  a  scier.lific  component  and, 
on  occasion,  to  explore  new  ones.     Certainly  the  individual 
must  not  be  intimidated  by  the  jaigon  of  science  or  by  its 
perceived  complexity.     Furtherrore,  confidence  in  one's 
ability  to  study  and  to  learn  science  is  likely  to  be  an 
outcome  of  learning  experiences  in  science  that  are  favour- 
able, and  successful  in  regards  to  attaining  acceptable 
grades . 

To  foster  successful  learning  experiences  and  to  reward 
student     ^'alrly,  does  not  imply  that,  topics  in  the  course 
must  be  dealt  with  superficially,  or  that  high  grades  must 


be  awarded  too  generously.     It  Is  likely  to  require, 
however,  Instructors  who  are  Imaginative  and  well-organized, 
enthusiastic  find  encouraging.    They  will  be  sensitive  to  the 
difficulties  likely  to  be  experienced  by  the  learners,  and 
will  bs  truly  concerned  with  having  the  students  attAln  the 
goals  upon  which  the  course  Is  focused.    Instructors  pre- 
occupied with  'covering*  an  excessive  amount  of  material  at 
an  unnecessarily  difficult  level  of  comprehension,  are 
likely  to  create  confusion,  disinterest,  and  despair  on  .he 
part  of  the  students,  and  an  unfavourable  grade  distribution 
as  well!    Host  sadly,  however,  a  valuable  opportunity  to 
promote  sclent^^lc  literacy  will  have  been  squandered. 

Discussion  of  the  primary  objectives  of  a  course  for 
non-science  majors  is  a  relatively  easy  task.     It  is  more 
difficult  to  provjLce  evidence  that  the  objectives  are,  ' 
fact,  being  met.    Nevertheless,  some  Indicators  are  avall- 
Jible.    For  example,  it  was  stated  earlier  that  students 
should,  with  reasonable  effort,  ne  able  to  experience 
success  in  such  a  course.     In  f  ct,  the  failure  rate  in  the 
biology  course  I  have  been  describing  has  ranged  between 
2.77.  and  6^57.  during  the  past  four  years,  with  a  mean  of 
A.  17.,  and  with  class  averages  ranging  between  62  and  677.. 
Such  failure  rates  are  considerably  lower  than  the  rates 
that  characterize  the  'normal*  first  year  science  courses. 
Nevertheless,  a  final  grade  above  707.  still  represents  a 
significant  challenge,  since  only  about  207.  of  the  students 
are  able  to  attain  this  grade  level. 
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Consistent  with  the  objectives  of  the  course,  is  the 
fact  that  the  course  is  rated  highly  by  the  students,  and 
that  some  acknowledge  changes  in  behavioural  patterns, 
especially  in  regards  to  smoking  and  exercise,  and  in  their 
attitudes  towards  science.     It  is  also  encouraging  when 
students  choose,  as  a  result  of  this  biology  course,  to 
enrol  in  another.     In  this  year's  first  year  biology  course 
for  majors.  21  of  the  133  studei4ts  had,  in  fact,  previously 
completed  the  biology  course  for  non-science  majors. 

Although  the  midterr.  and  final  examinations  in  the 
course  are  multiple  choice  in  format,  these  exams  represent 
a  valuable  opportunity  to  re-enforce  some  of  the  Important 
objectives  of  the  course.    Specifically,  the  exacts  are  used 
to  have  the  students  read  science,  sludy  empirical  data,  and 
evaluate  knowledge  claims  from  information  presented  on  the 
final  examination;  information  the  students  have  not  seen 
before.     One  of  the  formats  commonly  used  is  to  present  to 
the  students  recently  published  news  a  .Icles  that  relate  to 
some  of  the  major  themes  In  the  co'*r*«.     The  students* 
comprehension,  and  possibly  assessment,  of  the  information 
can  then  be  ascertained  through  the  use  of  multiple  choice 
questions.    The  second  format  Involves  presenting  results 
from  articles  that  have  recently  been  published  in 
scientific  journals.    Often,  some  of  the  methodology  must 
also  be  included  to  provide  the  student  with  a  better  under- 
standing of  the  source  for  the  data.    From  analysis  of  the 
data,  students  can  be  challenged,  again  through  the  use  of 
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multiple  selections,   to  identify  important  ob^rvations  and 
relationships,  and  to  assess  claims  that  the  data  might 
support*    Of  course,   the  Irinal  examination  will  also  test 
the  student's  knowledge  and  understanding  of  the  lecture, 
laboratory  and  seminar  components  of  the  entire  course* 

On  ten  occasions,  students  experience  a  two-hour  labor- 
atory or  seminar  session.    These  occur  biweekly  and  extend 
over  both  terms  of  the  course.    Although  limited  in 
duration,  ar^d  neither  technological!/  or  scientifically 
sophisticated,  the  eight  labs  are  stiU  a  valuable  component 
of  the  course  and  foster  some  of  the  objectives  previously 
described.    They  emphasize  the  Importance  of  observation  and 
detail,  and  focv j  on  information  that  the  students  find 
interesting  and  recognize  as  significant.    The  labs  provide 
a  pleasant  and  novel  learning  environment,  and  also  provide 
a  means  whereby  a  reasonable  student  effort  can  be  favour- 
ably rewarded  with  marks.    Three  of  the  laboratory  sessions 
involve  the  use  of  dissected  fetal  pigs  to  study  various 
organs  and  orgi      vstems,  and  four  of  the  sessions  utilize 
the  compound  mici     .ope  to  observe  chromosomal  changes 
during  cell  divlsio.  and  gametogenesis,  human  blood  cells, 
and  the  structure  of  normal  and  cancerous  human  tissues.  One 
laboratory  session  focuses  on  the  structure  and  replication 
of  DNA,  and  on  the  e'  ents  associated  with  protein  synthesis. 
For  many  students,  the  experiences  of  studying  dissected 
fetal  pigs  and  of  utilizing  a  compound  microscope,  are  novel 
ones. 


During  the  laboratory  sessions,  students  are  assisted 
by  two  demonstrators,  and  guided  by  a  lab  manual  containing 
worksheets  to  be  completed  by  the  students  as  they  work 
through  the  laboratory  protocol.    These  worksheets  are  sub- 
mitted at  the  end  of  the  two-hour  period  for  evaluation,  and 
no  further  assignments  are  required  from  the  students. 
Although  the  lab  sessions  function  independently  of  the 
lectures,  the  information  and  experiences  in  the  labs  fre- 
quently complement  the  topics  in  the  lectures.  Many 
biological  structures  observed  and  drawn  during  the  sessions 
with  the  fetal  pigs,  are  referred  to  in  the  units  involving 
human  physiology  and  cancer,  and  the  information  acquired  in 
the  labs  involving  the  structure  and  function  of  hereditary 
material  certainly  complements  the  topics  of  cell  division, 
gene  expression,  and  mutagenesis,  which  are  important  to  the 
unit  on  cancer. 

The  two  seminar  sessions  provide  opportunities  for  the 
students,  assembled  in  their  normal  laboratory  groups,  to 
discuss  some  of  the  relevant  issues  raised  in  the  lectures. 
For  example,  a  seminar  period  was  organized  to  focus  on  E. 
0.  Wilson's  book,  "On  Human  Nature",  foPowing  a  series  of 
lectures  on  the  genetic  basis  of  human  social  behaviour. 
Last  year,  the  seminars  focused  on  'nuclear  winter*,  and 
'public  health  policy  in  regards  to  exercise  behaviour*. 
In  preparation  for  the  seminars,  students  are  required  to 
complete  a  reading  assignment  and  to  reflect  on  a  series  of 
questions  that  Identify  the  substantive  issues  likely  to  be 


addressed  during  the  seminar  discussions.     Although  some 
students  enjoy  participating  In  seminars  and  contribute  to 
making  the  seminar  a  lively  forum  for  discussion,  there  are, 
unfortunately,  other  students  who  are  hesitant  to  express 
themselves  In  small  discussion  groups.    For  these  students, 
the  seminar  can  represent  a  very  stressful  environment. 
Nevertheless,  the  seminars  are  considered  to  be  an  essential 
component  of  the  course  and  therefore  the  seminar  leaders 
are  constantly  challenged  to  achieve  a  discussion  that 
encourages  participation  and  which  addresses  the  Issues  In 
thoughtful  and  meaningful  ways. 

Colleges  and  universities  that  require  non-science 
majors  to  complete  at  least  one  cojrse  In  science  Inevit- 
ably create  a  population  of  reluctant  science  learners,  and 
In  some  cases,  even  hostile  ones.    Nevertheless,  the 
'requirement  can  be  justified,  and  In  this  paper.  It  has  been 
defended  In  terms  of  the  need  for  Increased  scientific 
literacy.    The  primary  purpose  of  this  paper,  however,  has 
not  been  to  defend  the  Importarxe  of  scientific  literacy, 
but  to  describe  the  structure  of  a  biology  course  which  has 
as  Its  objectives,  some  very  specific  aspects  of  scientific 
literacy.     It  is  a  biology  course  that  has  been  developed  in 
an  educational  environment  that  provides  one  the  freedom  to 
define  course  goals,  to  establish  course  content  and 
Instructloi    I  strategies,  and  to  choose  the  means  by  which 
students  are  to  be  evaluated.     It  is  also  a  favourable 
environment  in  regards  to  material  and  human  resources. 


Under  these  conditions,  teaching  science  to  the  non-science 
major  becomes  an  exciting  challenge,  with  the  p*>tentlal  for 
considerable  personal  satisfaction  and  success . 

1 .  Science  for  Every  Student;     Kducatlnf,  Canadians  for 
Tomorrow*  s  World.     1984.    Report  36,  Science  Council 
of  Canada ,  Ot  tawa . 

2.  A  Rationale  for  Quality  Science  Education  In  the 
Schools  of  Ontario.    May,  1985.    Science  policy 
paper.  Science  Teachers*  Association  of  Ontorio. 
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Concepts  give  our  world  stability*  A  concept  is  a 
regularity  in  objects  or  events  designated  by  a  language 
(or  symbol)  label.  People  use  concepts  both  to  provide 
a  taxonomy  of  objects  or  events  in  the  world  and  to  formulate 
relationships  between  concepts  in  that  taxonomy.  "Without 
concepts,  mental  life  would  be  chaotic"  (Smith  &  Medin,  1981). 

•*A  central  challenge  and  dilemma  of  teaching  is  to 
provide  students  with  the  intellectual  blueprints  for 
assembling  a  conceptual  edifice  whose  form  cannot  truly  be 
Known  until  all  the  forthcoming  separate  bits  of  knowledge 
are  in  place**  (Toth,  1980).     Diagrams  can  play  a  vital  role 
in  facilitating  the  process  of  reassembly.    Winn  (1981)  has 
foimd  that  diagrams  have  tvo  properties  important  to  science 
education.     Diagrams  can  show  realistic  representations  of 
concepts  and  they  can  show  the  relationships  between  concepts. 
By  definition,  a  diagram  is  a  line  drawing  that  explains 
something  by  showing  arrangement  and  relationship  of  parts. 

The  ancient  Egyptians  may  have  been  the  first  to  repre- 
sent ideas  with  drawings.    Their  hieroglyphic  writing  system 
arranged  symbolic  engravings  to  express  important  concepts 
(Silano,  1958).    Other  cultures  used  similar  methods;  Aztecs 
and  early  American  Indians,  for  example,  conveyed  messages 
by  pictographs. 

••The  writing  of  most  primitive  peoples  goes  through  the 
ideographic,  syllabic,  and  alphabetical  stages**  (McDonald, 
1958).    *•  '^ally  the  fArst  two  forms  of  writing  were  discarded 
after  alphabetical  symbols  had  been  formulated.    The  Egyptians 
were  an  exception  to  that  rule--they  continued  to  use 
pictorial'  (ideographic)  writing  for  3,500  years  even  though 
they  also  used  the  two  other  forms.    Could  it  be  that  this 


important  ancient  civilization  found  it  to  be  superior  for 
communis  dting  ideas?    Because  diagrammatic  writing  operates 
at  a  lower  level  of  abstraction,  might  it  have  been  a  more 
effective  (albeit  less  efficient)  way  of  representing 
concepts  than  using  words? 

Briggs  (1984),  in  summarizing  what  is  known  about  the 
mind  of  a  genius,  points  out  that  most  geniuses  regularly 
use  imaqc3  of  wide  scope  in  order  to  see  the  relationship 
between  pieces  of  infoimation  in  new  and  imusual  ways. 
Einstein,  for       mple,  was  educated  in  a  school  run  by 
principles  of  the  educational  reformer  Heinrich  Pestalozzi, 
who  stressed  the  development  of  visual  imagination.  "Einstein 
later  insisted  that  his  best  ideas  always  came  to  him  in  the 
form  of  visual  images,  the  mathematical  and  verbal  expres- 
sions followed  monchs  or  year-^  later"  (March,  1978). 

Kekule  dreamed  of  a  snake  biting  its  own  tail  and  used 
that  image  to  construct  his  benzene  ring.    Snow  employed 
a  map  of  London  to  solve  the  mystery  of  how  cholera  was 
transmitted  (Judson,  1980).    Mendeleev  made  a  deck  of 
chemical  element  cards  which  he  fastened  to  a  wall  in  various 
patterns  to  help  him  devise  his  periodic  table  of  the 
elements.    The  history  of  science  is  replete  with  examples  of 
how  diagrams  were  used  to  solve  important  intellectual 
problems. 

James  L.  Adams  (1979),  who  teaches  engineers  at  Stanford, 
has  found  that  his  verbally  and  mathematically  talented 
students  are  "visual  illiterates"  who  can  benefit  greatly 
from  exercises  that  develop  their  visual  thi^-king  ability. 
He  calls  it  an  "alternate  thinking  language"  and  considers 
it  "one  ot  the  most  basic  of  all  thi.iking  modes  and  one  that 
is  invaluable  in  problem  solving'*  (Adams,  1979). 

Diaoran^  .^tic  Techniques  in  Modem  Science  Education 
Today,  science  educators  make  use  of  a  variety  of 
diagrams  to  help  students  grasp  important  concepts*  For 
example,  Punnett  squares  are  used  in  genetics,  ray  diagrams 
in  optics,  schematic  diagrams  in  electronics,  and  weather 


maps  in  meteorology.    Sue  .  visual  tools  are  subject-specific* 
In  contrast,  concept  maps  a^id  knowledge  vee  diagrams  are 
poverful  metacognitive  tools  with  broader  applications  in 
science  teaching  (Amaudi.i,  Mintzes,  Dunn,  &  Shafer,  1984; 
Novak,  19C1;  Novak,  Gowin,  &  Johansen,  1983).  Gowin*s 
knowledge  vee  helps  students  understand  the  nature  of 
knowledge  and  how  it  is  produced.    Concept  maps  help  the 
learner  produce  a  visual  representation  of  the  hierarchical 
relationship  between  concepts.    A  thorough  treatment  of 
both  techniques  may  be  found  in  Learning  Hov  to  Le^m  (Novak 
&  Gowin,  1984).    Both  tools  are  soundly  based  on  Ausubelian 
learning  theory  and  construccivist  epistemology.  Concept 
maps  and  vee  diagrams  are  diagrammatic  representations  of 
concepts  and  conceptual  structure  -both  are  strikingly 
visual  techniques.    It  is  difficult  to  imagine  two  teaching 
tools  with  broader  application  to  the  modem  science  class- 
room than  these.  (See  Figure  1.  for  examples  of  each  tool.) 

'  Tter  seven  summer?  of  post-doctoral  work  in  science 
education  at  Cornell  University  studying  the  learning  theory 
of  David  Ausubel  and  after  seven  years  of  experience  using 
concept  mapping  and  vee  diagramming  to  teach  college  science, 
I  concluded  that  a  third,  theory-based,  metacognitive  tool 
ntight  be  helpful  in  visualizing  the  concepts  college  students 
hold.    Dunn  (1983),  in  her  innovative  -mib**  study  of  concept 
learning,  observed  that  "most  science  concepts  derive  their 
meaning  from  the  systematic  relationships  in  hierarchical 
knowledge  or  from  the  inclusive-exclusive  relationships  in 
taxonc:..  es.'     Although  concrpt  mapping  can  perform  both 
functions,  the  latter  funKjLion  is  less  visually  effective, 
I  contend,  than  the  technique  proposed  in  this  paper.  In 
addition,  students  who  have  difficulty  beginning  cheir 
study  of  metaleaming  vith  concept  maps  can  start  by  drawing 
concept  circles.    Novak  and  Gowin  (1984)  point  out  that 
••Approximately  5  to  20  percent  of  students  respond  negatively 
to  instruction  that  requires  meaningful  learning.  These 
students  will  resunt  requirements  for  concept  mapping  and 
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Figure  1.    Examples  of  a  concept  map  and  a  vee  diagram 
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Vee  diagramming. It  is  my  hope  that  thj  technique  of 
drawing  concept  circles  ndght  introduce  students  to 
metaleaming  in  a  simpler  way,  so  that  when  they  are  taught 
to  use  concept  maps  and  vee  diagrams,  they  will  experience 
a  more  gradual  increase  in  the  lavel  of  difficulty.  Novak 
(1977)  postulates  that  "the  emotional  experience  is  most 
likely  to  be  positive  when  instruction  is  planned  to 
optimize  cognitive  learning. In  other  words,  we  are  most 
likely  to  enjoy  what  we  are  most  successful  at  learning 
to  do. 

M  Q2A  Tool  vitl^  a  New  Use 
To  meet  theoretical  and  practical  needs,  the  heuristic 
device  used  to  represent  inclusive-exclusive  relationships 
between  concepts  must  be:  (a)  visually  effective,  (b) 
conceptually  effective,  (c)  apply  Ausubel's  theory  of 
learning  in  its  design,  and  (d)  serve  as  both  an 
instructional  and  a  diagnostic  metacognitive  tool. 

Ixjgicians  will  recognize  the  device  T  have  chosen. 
Venn  (1894)  points  out  the  fact  that  logicians  borrowed 
the  use  of  diagrams  from  mathematics  during  the  time  when 
there  was  no  clear  boundar:*  line  between  the  two  fields. 
Line  segments,  triangles,  circles,  ellipses,  and  rectangles 
were  all  used  to  diagram  categorical  propositions  during 
the  early  development  of  logic  as  a  discipline  (Venn,  1894). 

Although  Venn  diagrams  are  schematic  representations 
of  sets  which  were  introduced  by  John  Venn  in  1880,  I  have 
not  selected  them  for  the  task  at  hand  because  they  are 
primarily  intended  to  illustra^-e  set  theory  operations  such 
as  union,  intersection,  and  C(  .^lementation  (Arnold,  1983; 
Parker,  1984).  Some  science  e   icators  have  used  them.  Leisten 
(1970)  proposed  using  Venn  diagrams  to  show  students  the 
relations  between  c^emical  terms.    Gunstone  and  Whibe  (1986) 
showed  that  Venn  diagrams  can  be  used  to  teach  physics  and 
to  probe  students*  understanding  of  physics  concepts.  While 
Leisten  cjid  not  use  the  language  of  sets,  the  students  in  the 
Gunstone  and  White  j^-tudy  were  already  familiar  with  set  theory. 
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Sjnce  Venn  diagrams  typically  are  used  to  represent 
categorical  propositions  or  syllogisms,  special  shading 
and  starring  processes  are  used  and  the  number  of  circles 
in  a  diagram  is  limited  to  three.    Venn  suggested  that 
for  inferences  involving  more  than  three  classes,  ellipses 
or  more  complicated  shapes  other  than  circles  should  be 
used.    Since  I  wanted  a  diagram  that  used  circles  and 
could  represent  up  to  five  concepts,  the  average  capacity 
of  short  term  memory  (Miller,  1956),  I  did  not  adopt  Venn's 
system  of  diagramming  for  this  task. 

The  concept  of  logic  diagrams  was  already  in  use  during 
the  Middle  Ages  (Gastev,  1977).    In  fact,  the  ancient 
commentators  of  Aristotle  represented  the  modes  of  syllogisms 
by  using  geometric  drawings  (Kuzicheva  &  Novoselov,  1977). 
The  use  of  circle  diagrams  was  already  known  to  J.K.  Sturm 
in  1661  and  the  first  systematic  application  of  circle 
diagrams  seems  to  be  in  a  treatise  published  by  Johann 
Christian  Lange  in  1712.    Dimitriu  (1977)  notes  "The 
representation  of  judgments  and  of  the  relations  expressed 
by  them  is  generally  attributed  to  Euler."    The  device  he 
invented  is  called  "Euler's  Circles. It  it  Euler^s 
diagrammatic  method  which  I  have  adapted  as  a  metacognitive 
tool.    Leonhard  Euler  (  1707-1733)  was  a  Swiss  mathematician 
who  was  "one  of  the  greatest  mathematicians  of  all  times; 
he  made  important  contributions  to  practically  every  area 
of  pure  and  applied  mathematics"  (Kuzicheva  &  Novoselov, 
1977).    By  1978,  a  modem  edition  of  Euler 's  works  filled 
71  volumes     .  a  projected  74-volume  collection  (Duffety, 
1980). 

Although  he  wrote  on  so  many  subjects,  of  particular 
interest  here  is  his  way  of  representing  class  relationships 
using  circle  diagrams.    His  diagrams  can  demonstrate:  (a) 
class  exclusion,  (b)  class  inclusion,  (c)  class  equality, 
(d)  class  product,  and  (e)  class  sun,  (Reese,  1980).  In 
order  to  illustrate  his  ideas.  Figure  2.  has  been  included. 
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Figure  2.    Examples  of  Euler's  Circles 


A  detailed  and  substantiated  formulation  of  logic  diag-ims 
was  first  given  by  Euler  in  1768  in  his  Lettres  a  una 
princesse  d*Allemaone.  in  which  he  examined  what  are  now 
called  Euler*s  circles.    Martin  Gardiier  (1968)  suggests 
that  Euler 's  circles  were  eventually  replaced  by  Venn's 
diagrams  because  Venn's  system  fit  Boolean  class  algebra 
so  well.    Many  of  the  diagrams  in  books  that  are  called 
Venn  diagrams  are  actually  Euler  circle  diagrams  or 
modifications  of  them.    For  example,  Kaplan  (1983)  uses 
many  included  and  sometimes  overlapping  circles  to 
represent  trophic  levels  within  an  ecological  community. 
Although  he  doesn't  refer  to  Venn  or  Euler,  the  diagrams 
are  Euler  circles.    They  lack  the  format,  shading,  and 
•notation  characteristic  of  Venn  diagrams. 

Concept  Circle  Diagrams 

Concept  circles  may  be  defined  as  two  dimensional 
geometric  figures  (circles)  that  are  isomorphic  with  the 
conceptual  structure  of  a  particular  piece  of  knowledge  and 
are  accompanied  by  concept  labels.    Based  upon  Miller's  (1956) 
work  in  information  processing  and  Gunstone  and  White's 
(19B6)  view  that  Venn  diagram  tasks  work  best  when  they 
involve  from  two  to  f-,ve  terms,  no  more  than  five  circles 
are  permitted  in  a  concept  circle  diagram.    Another  reason 
for  limiting  the  number  of  circles  per  diagram  to  five 
is  the  principle  of  visual  perception  which  says  that 
excessi\  i  Cjtail  on  a  diagram  reduces  its  effectiveness 
(Reynolds  &  Simmonds  ,  1981 ) . 

Circles  seem  preferable  to  other  geometric  figures 
because  they  are  easy  to  draw  using  a  compass  or  template. 
In  addition,  the  field  of  vision  of  both  eyes  is  approximately 
circular  (Van  Amerongen,  1979)  making  the  information  in  the 
diagrams  easier  to  process.    A  drawn  circle  is  also  a  good 
representation  of  a  concept  for  another  reason — any  such 
circle  is  only  an  approximation  of  an  ideal  circle,  every 
point  of  which  would  be  equidistant  from  the  center.    To  the 
extent  that  a  concept  is  stable  within  and  across  individuals. 
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it  is  a  bounded  unit  of  knowledge.  However,  more  and 
more  modem  tneorists  hold  a  probablistic  view  of 
the  concept  which  tests  instances  of  a  concept  using  a 
weighted  sum  of  features.  Since  category  membership 
can  be  achieved  by  various  combinations  of  t matures, 
various  feature-sets  define  acceptable  instances  of  a 
concept  and  therefore  concepts  have  somewhat  "fuzzy" 
boundarios  (Smith  &Madin,  1981). 

In  contrast  to  standard  Venn  diagrams,  the  concept 
circle  technique  makes  ustr  of  direct  labeling  for  each 

ircle  instead  of  coding.    This  avoic's  "double  scanning*- 
ftom  diagram  to  key  and  makes  the  graphic  more  visually 
efficient.    ?or  ease  of  reading,  concept  labels  are 
printed  in  lower  case  (Reynolds  &  Simmonds,  1981). 

When  a  concept  circle  is  constructed,  quantitative 
and  categorical  (concept)  information  is  encoded  by 
label.'.,  geometry,  and  color.'   CoXor  is  an  important  feature 
of  a  concept  circle  diagram    since  it  helps  the  viewer 
distinguish  between  the  elements  of  the  diagram.  Color 
hue  and  saturation  are  two  of  ten  elementary  graphical 
per<  ,;tion  tas)-^  we  perform  in  decoding  information 
encoded  in  a  diagram  (Cleveland,  1985).    Although  ab^  it 
ten  million  color  differences  cc*..  be  detected  by  the  human 
eye,  our  color  memory  allows  us  to  remember  only  about  24 
saturated  hues  (shades)  of  color  (Levy,  1987;.    Yet  u^^t 
palette  of  color?  may  be  very  helpful  in  aiding  ^md^.x<catid\ng 
and  recall  by  the  learner,  two  impoi'tant  criteria  f 
any  metacognitive  tool  (Stuart,  1985).    i>ooley  and  Harkins 
(1970)  showed  that  colored  posters  attracted  more  a^tention 
and  Dvry^er  (197«)  found  that  line  diagrams  in  color  were  the 
most  effective  kind  of  illustration  in  a  text  dealing  with 
the  functioning  of  the  heart.     Reynolds  and  Simmonds  (1981) 
observe  that  students  distinctly  prefer  colored  illustrations 
over  black  and  white. 

The. area  ol  each  concept  circle  may  be  used  to  represent 
qualitative  or  quantitative  differences  between  concepts. 


since  Hailstone  (1^73)  has  suggested  that  charts  which 
depend  on  proportio;ial  area  to  denote  quantity  may  not 
be  wholly  satisfactory  as  many  people  are  better  at 
making  comparisons  on  a  linear  basij,  the  standard  sizes 
circles  to  be  used  by  students  were  determined  experi- 
mentally,   since  Stevens'  Power  Law  describes  the  bias 
in  area  judgments,  it  was  used  to  compensate  for  viewer 
decoding  error. (1975).    Simply  put,  it  says  that  the  actual 
scale  to  a  power  equals  the  perceived  scale.    The  value 
Of  the  exponent,  called  the  beta  value,  varies  with  the  task. 

Twenty-six  students  in  college  botany  were  given  a 
test  in  which  they  had  to  -hoose  four  circles  from  a  larger 
assortment  that  appeared  to  be  2,  3,  4  and  5  times. larger 
than  a  1-inch  diameter  referent  circle.     Beta  values  were 
computed  .rom  the  results  of  each  discrimination  task 
and  average  beta  values  were  used  to  calculate  the  sizes 
of  a  set         ive  circles  that  were  perceived  to  be  2,  3,  4, 
and  5  time-  larger  than  the  referent  circle.    This  was 
i3ed  to  maKe  cardboard  concept  circle  templates  which 
students  could  use  to  draw  concept  circles  in  which  the 
relative  area  encoded  quantitative  inforTuation.  The 
sizes  of  the  circles  as  determined  by  experiment 
were    1-,  1  7/8%  2  1/8",  2  i/2-,  ai  i  ^  ^     -  in  di^.-.ter. 

According  to  Holliday,  "otuac-tr  ,  remember 

science  id.as  longer  when  teachers  u  ^  l  and  verbal 

messages  together-  (1980).    For  this  reason,  students  are 
asked  to  give  each  diagram  a  title  and  to  write  an 
explanatory  sentence  ur . ^r  their  diagram.    "Writing  is  a 
symbolic  activity  of  meaning-making"  (Howard  &  Barton, 
1986).    The  word  symbol,  as  used  here,  means  anything  that 
carries  meaning— language,  maps,  diagrams,  etc.  Howard 
and  Barton  (1986)  suggest  that  we  combine  writing  with 
diagrams  to  capture  our  thoughts  and  speculate  th^  ,  "we 
grasp  what  our  grasp  of  symbols  enables  us  to  grasp." 
In  the  ancient  ixivijum,  logic,  grammar  and  rhetoric  were 
the  three  subjects  considered  basic  to  all  learning;  here 


reasoningi  writing  and  (graphic)  expressioi^  are  united 
to  construct  a  concept  circle  diagram.    The  vitle  is 
to  be  written  in  the  top  left  sector  of  the  pt\ge  because 
"in  inos;:  western  cultures  the  observer's  eye  starts  scan- 
ning a  rage  from  a  point  in  the  top  left  secto*..  A 
sweeping  search  of  the  page  is  then  made,  fiiishing  where 
the  main  action  is  expected  to  be'»  (Reynolds  &  Simmonds, 
1981 )•    Diagrams  which  oppose  the  natural  scanning  pattern 
of  the  eye  take  more  time  for  the  viewer  to  interpret 
and  are  sometimes  confusing*    Figure  3,  shows  the  eye's 
scanning  pattern  superimposed  on  on  the  concept  circle 
diagram  format,  it  demonstrates  that  the  forma c  follows 
the  eye's  scanning  pattern  in  a  sequence  that  enhances 
understanding:  title,  diagram,  explanatory  sentence, 
review  of  diagram. 

The  Relationship  betwe'?n  Cor^qept;  Circle  Diagrams 
and  Ausubelian  Learning  Theory 

In  order  to  learn  meciningf ully,  students  must  choose 
to  relate  new  concepts  and  propositions  to  those  they 
already  Know.    With  concepts  represented  by  circles  and 
relationships  betveeii  concepts  represented  by  spatial 
configuration  of  the  concept  circles,  the  learner  has  a 
way  of  revealing  what  she/he  knows  about  a  particular 
piece  of  knowledge.    The  diagram  has  concept  labels,  a 
title,  and  an  explcinatory  sentence  to  assist  the  learner 
in  understanding  and  recalling  a  particular  piece  of 
knowledge.    The  same  attributes  make  the  concept  c:.rcle 
diagram  a  diagnostic  tool  for  the  teacher  or  educational 
researcher  who  wants  to  probe  the  learner's  cognitive 
structure.    Ausubel  has  said  that  the  teacher  needs  to 
ascertain  what  the  learner  already  knows  ana  follow  up 
vith  instruction  appropriate  for  that  individual. 

In  addition  to  the  above  characteristics,  Ausubel 's 
concepts  of  rabsumption,  hierarchy,  progressive  differenti- 
ation, anu  superordinate  learning  can  be  demonstrated  with 
concept  circle  diagrams.    \s  with  concept  maps  and  vee 


Figure  3.    The  Scanning  Pattern  of  the  Hiunan  Eye  in 

Relation  to  the  Format  of  a  Concept  Circle 
Diagram 
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Note:    The  large  rectangle  represents  a  piece  of 

paper  rn  which  a  concept  circle  diagram  is  drawn. 


diagrams^  this  tool  demonstrates  that  knowJedge  is 
constructed,  that  learning  is  the  responsibility  of  the 
learner  while  the  role  of  the  teacher  is  to  share  meaning 
with  the  learner,  and  that  knowledge  about  how  one  learns 
can  enhance  meaningful  learning. 

Concept  CircTP  Construction 
The  following  rules  were  developed  over  a  span  of 
three  years  following  the  writing  of  a  paper  entitled 
••A  New  Tool  for  the  Ausubelian  Toolkit-  at  Cornell 
Uhiversity  during  the  summer  of  1984.    The  rules  were 
revised  after  each  semester  of  testing  by  college 
science  students. 

1.  Let  a  circle  represent  any  scierc«  concept. 

2.  Print  the  name  of  that  concept  (e.g.,  plant, 
temperature)  inside  the  circle  using  lowercase 
letters. 

3.  When  you  want  to  show  that  one  concept  is  included 
witnin  another  concept  (e.g.,  all  birds  are 
vertebrates,  all  eukaryotic  cells  have  a  nucleus), 
draw  a  smaller  circle  within  a  larger  circle. 
Label  tne  smaller  circle  by  printing  the  name 

of  the  narrower,  more  specific  concept  within  it; 
label  the  larger  circle  by  printing  the  name  of 
the  broader,  more  general  concept  within  it. 

4.  When  you  want  to  show  that  some  instances  of  or.e 
concept  are  part  of  another  concept  (e.g.,  some 
water  contains  minerals),  draw  partially  overlapping 
circles.    If  you  want  to  show  that  one  of  the  con- 
cepts is  more  inclusive  (broader)  than  the  other, 
use  a  larger  circle  for  that  one.    Label  each  circle. 

5.  When  you  want  to  sliow  that  two  concepts  are  not 
related  (e.g.,  no  prokaryote  is  a  eukaryotei ^ 
draw  separate  circles  and  label  each  one. 

6  .  You  may  use  up  to  five  concept  circles  in  your 
diagram.    They  can  be  separate,  overlapping, 
included,  o-  superimposed.   I^bel  each  one. 
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7.  The  relative  sizes  of  the  circles  in  your  diagram 
can      show  the  level  of  specificity  for  each 
concept.    Bigger  circles  can  be  used  for  more 
general  concepts. 

8.  The  areas  of  the  circles  in  a  concept  circle  diagram 
can  be  used  to  represent  relative  amounts  or 
numbers  of  instances  of  that  concept.    A  template 
with  Openings  to  draw  circles  that  appear  to  be 
2,3,4,  or  5  times  larger  than  a  standard  circle 

is  provided  to  make  this  option  more  attractive. 
If  you  wish  to  show  quantities  with  your  circles, 
place  a  small  Zetcer  -n-  near  each  concept  label 
and  enclose  it  with  parentheses  (n). 

9.  Time  relationships  can  be  represented  by  drawing 
nested  (or  concentric)  circles  with  the  oldest 
concept  being  the  center  one.    If  chronology  is 
being  sho-m,  a  •*t"  should  be  placed  within  the 
diagram  near  the  central  concept's  label  and  it 
should  be  enclosed  by  parentheses  (t). 

10.  Colored  pens,  markers,  pencils,  or  highlighters 
may  be  uned  to  color  your  concept  circle  diagram 
in  order  to  make  the  relationships  between  concepts 
easier  to  visualize,  understand,  and  recall. 

11.  One  concept  circle  diagram  may  be  connected  to 
another  by  "telescoping"  graphics*  Telescoped 
diagrams  should  be  made  to  read  from  lert  to 
right.    Several  stages  of  telescoping  may  bG  .ised 

if  a  large,  scroll-like  piece  of  paper  is  available. 

12.  All  concept  labels  should  be  written  horizontally. 
An  exception  can     i  made  only  for  the  largest  circle., 
where  a  length:       -el  may  replace  the  upper 

curve  of  the  c^ 

13.  Most  drawings  <       be  improved  by  re-drawing  for 
greatest  clarity  and  to  leave  sufficient  space 
around  the  labels  to  give  the  diagram  an  uncluttered 
look. 


in."  :> 


14.  Empty  space  (white  space)  around  included  concepts 
is  used  to  imply  that  there  are  other  concepts 
that  are  not  mentioned.    A  shaded  or  colored  area 
surroianding  included  concepts  shows  that  no 
concepts  have  been  omitted. 

15.  When  the  concept  circle  diagram  is  finished,  a 
title  that  describes  what  the  diagram  is  about 
should  be  written  in  the  upper  lefthand  sector 
of  the  page  and  a  sentence  that  sununarizes  what 
the  diagram  shows  should  be  written  in  the  area 
directly  beneath  the  diagram. 

Figures  4.&  5.  provide    examples  of  concept  circle 
situations  described  in  the  rules  listed  above.    Figure  6. 
demonstrates  what  a  typical  concept  circle  diagram  looks 
like. 

Assessment  of  Student-Constructed  Circle  Diagrams 
Although  an  instrument  to  quant i'iatively  analyze 
students*  concept  circle  diacirams  is  currently  under 
development,  a  diagram  can  be  asses5;ed  qualitatively 
using  the  checklist  items  included  here. 

1.  Does  the  title  fit  the  diagram?  Yes 

2.  Are  the  concepts  displayed  in 
the  proper  way  to  show  exclusive- 
inclusive  relationships  or 
hierarchy?  Yes 

3.  Were  time  or  number  circles  Yes 
used  when  appropriate? 


No    Needs  Work 


No 
No 


Needs  Work 
Nee  /s  Work 


4.  Does  the  explanatory 
sentence  fit  the  diagram? 

5.  Has  the  student  used 
color  to  clarify  the 
meaning  of  the  diagram. 

6.  Are  the  concepts  the 
st-udent  elected  to 
display  important  to 
the  learning  goals? 

Are  there  any  misconceptions 
shown  by  the  diagram? 

8#  Has  the  student  followed  circle 
construction  rules? 


Yes    No    Needs  Work 


Yes    No    Needs  Work 


Yes    No    Needs  Work 


Yes 


Yes 


No 
No 


Needs  Work 
Needi.  Work 


100.9 


Figure  4.    Concept  Circle  Conventions 
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Figure  5.    The  "Teles cop ing**  Convention  for  Connecting 
Concept  Circle  Diagrams 

Note:    Telescoped  diagrams  are  to  be  read  by  revealing 

one  section  at  a  time — keeping  the  others  coversd 
by  a  hand  or  piece  of  blank  paper.    Reading  is 
done  by  moving  from  the  left  diagram  to  the  right 
diagram.    The  explanatory  sentence  that  accompanies 
each  section  should  be  read  right  after  viewing  it. 
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Figure  6.    A  Typical  Concept  Circle  Diagram  with 
Accompanying  Title  and  Explanation 


Note:  CdJored  shadina  on  the  original  student  diagram 
made  the  individual  concepts  more  distinct. 


Some  Uses  of  Concept  Circles 
M€'.>aleamina  Applications 

In  addition  to  the  points  made  earlier,  the  following 
metaleaming  ideas  can  be  demonstrated  using  concept  circles J 

1 )  the  difference  between  rote  and  meaningful  learning 
can  be  shown  by  using  separate  and  related  concept 
circles; 

2)  progressive  differentiation  of  concepts  can  be 
illustrated  by  gradually  adding  specific  concepts 
to  an  existing  general  concept  circle; 

3)  obliterative  subsumption  can  be  shown  by  partially 
ar^  later  completely  erasing  the  boundaries  of 
subsumed  concepts  to  show  that  those  concepts  can 
no  longer  be  retrieved  from  long-term  memoiry; 

4)  the  subordinate  to  superordinate  concept  continuum 
can  be  illustrated  by  varying  the  circle  sizes 

of  concept  circles; 

5)  concept  formation  can  be  distinguished  xrom  concept 
assimilation  by  first  drawing  many  separate  concepc 
circles  and  then  using  a  numbtjr  of  them  as  subsumers 
of  newly  introduced  concepts; 

6)  the  nature  of  superordinate  concepts  can  be  demon- 
strated by  circumscribing  a  larger  concept  circle 
around  an  array  of  smaller  ones; 

7)  conceptual  hierarchy  can  be  expressed  by  the  tele- 
scoping technique  of  connecting  several  concept 
circle  diagrams;  and, 

8)  integrative  reconciliation  can  be  demonstrated  by 
diagramming  tlte  differences  between  two  apparently 
similar  concepts  (e*y*,  a  civil  law  and  a  sc*  itific 
law)  or  the  similarities  between  two  apparently 
different  concepts  (e.g.,  vegetable  and  botanical 
fruit) . 
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Evaluation  Applications 

Concept  circle  diagrams  may  be  useful  for  the 
following  evaluation  activities: 

1)  testing  what  a  student  knows  about  a  particular 
subject; 

2)  identifying  conceptual  difficulties,  misconceptions, 
or  alternative  explanations  that  a  student  harborg; 

3)  conducting  clinical  interviews  to  diagnose 
learning  problems  or  answer  research  questions; 

4)  assessing  a  student's  ability  to  extract  meaning 
from  a  textbook; 

5)  structuring  an  examination  question  and  then 
constructing  an  "ideal"  concept  circle  diagram 

for  it- (This  might  be  used  to  discover  the  degree  of 
correspondence  between  students'  and  teacher's 
diai^ramsj which  is  an  indication  of  shared  meaning,); 

6)  testing  a  student's  ability  to  identify  key 
concepts  and  relationships  in  a  laboratory 
activity  and  transform  them  for  visual  display;  and, 

7)  analyzing  a  student's  ability  to  categorize  concepts 
or  examples  in  an  accepted  way. 

Curricular  and  Instructional  Applications 

Concept  circle  diagrams  may  be  useful  for  the  following 
activities  relevant  to  curriculum  and  instructions 

1)  planning  a  classroom  lesson; 

2)  anaiyz'ing  a  curriculum  component; 

3)  deirtonstrating  conceptual  relationships  during  a 
classroom  lesson  at  the  chalkboard  or  overhead 
projector; 

4)  teaching  taxonomic  relationships  in  science  classes; 

5)  satisfying  the  need  for  a  variety  of  theoretically- 
sound  learning  activities  to  promote  meaningful 
learning; 

6)  documenting  the  results  of  instruction;  and, 

7)  promoting  the  fluent  integration  of  th:  .iking,  feeling, 
and  acting. 
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SiSJdgni  Attitudes  tovarc^  Concept  Circle  Diagrams 
At  the  close  of  a  semester,  botany  students  who 
had  drawn  scores  of  concept  circle  diagrams  were  given  the 
opportunity  to  express  their  reactions  to  the  technique  ^ 
by  responding  to  three  questions  on  an  opinion  questionnaire. 
The  range  of  answers  for  each  item  is  represented  by  a  series 
of  verbatim  student  comments J 

1)  What  did  you  like  most  about  studying  science  using 
concept  circle  diagrams? 

Jerry — ''It  madu  me  read  the  Ciiapters  and  I  became 

more,  familiar  with  concept 
Loma — 'Once  the  diagram  was  made,  it  was  very  easy 

to  study." 

Shelly — "It  was  easy  and  simple — loss  time  consuming 
to  review." 

Rick — "It  encouraged  thinking  with  reading  and  aided 

in  understanding." 
Heidi — •*lt  helped  me  in  studying  for  tests." 
Jim — "I  liked  the  way  it  illustrated  ideas  and 
thoughts." 

Mark — "It  compacted  major  ideas  into  a  few  simple 
circles." 

James — "It  helped  me  organize  my  thoughts  on  some 

confusing  textbook  chapters*" 
Michelle — "It  helped  me  to  organize  the  factors  of 
a  topic  in  my  own  mind.     1*11  use  it 
in  my  own  classroom." 
Joel — "It  made  concepts  very  clear  to  me." 
unsigned — "I  liked  it  when  we  put  them  on  the  board 
and  I  could  see  other  people's  ideas 
and  how  they  went  about  organizing  them.-* 
Karen — "I  liked  seeing  how  things  are  related  and 

coloring  the  circles  for  empharis." 
Shelle — "They  helped  me  remember  certain  difficult 
concepts  better." 


2)  What  did  you  like  least  about  concept  circle 
diagrams? 

Mark — "Being  imaginative." 

Michelle — "Sometimes  it  was  hard  to  come  up  with 
one." 

Joel — "It  took  a  long  time  to  do  just  one  if  you 
wexe  serious  about  getting  a  good  one." 

Shelly — "It  took  time  to  look  everything  up,  read 
it,  understand  it,  and  then  put  it  dow." 

Heidi — "Figuring  out  what  to  put  where." 

Troy~"The  work  and  extra  time  needed  to  make  a 
good  one." 

Jerry — "They  were  restrictive  in  that  the  number  of 
circles  to  u?--  was  limited — although  you 
could  always  telescope  them.** 

Lori — "I  didn't  always  Know  how  to  group  things 
together." 

unsigned — "Sometimes  they  were  a  pain  when  I  had 

tons  of  other  homework." 
unsigi.ed — "They  tended  to  be  very  basic." 
Lynn — "Having  to  do  so  many." 
Carnien — ••Not  being  able  to  use  them  on  tests." 
unsigned — "I*m  used  to  studying  my  notes  and  it 

was  hard  to  switch  to  a  new  study  aid." 
3)  For  what  ideas  did  the  concept  circle  diagrams  seem 
most  appropriate? 
Jii.^ — "family  relationships" 
Mark — "major  ideas" 
Carmen— "concepts  that  fit  together" 
Shelly — "time  sequence  and  parts  of  wholes" 
Heidi — "things  with  details  or  branches  of 

information" 
James — "sequential  or  family  r^jlatAonships" 
Shelle — "summarizing  a  chapter" 
'  Joel— "closejL^  related  subjects" 
Lomd — "factors  affecting  ..." 
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unsigned — "ideas  that  can  also  be  put  into  outline 
form" 

Jerry — "concepts  containing  a  '  "inber  of  components 
or  steps'* 

unsigned — •'testing  our  understanding** 
Rick-T**time  relationships** 

James — "I  thin.<  they  help  show  relationships  in  an 
understandable  way,** 
A  Prelimine try  Assessment  of  Concept  Circles 

Often  the  introduction  of  a  npw  instructional  technique 
is  accompanied  by  a  plethora  of  unsubstantiated  claims. 
Concept  mapping  and  vee  di?  ^ramr.  .*ig  have  bee    tested  in  a 
variety  of  educational  settings  and  their  value  as  meLii- 
cjgnihive  tools  and  instructional    'ds  '..as  been  documented. 
It  is  premature  to  judge  whether  or  not  cone  pt  circle 
diagrams  will  join  tliem  as  a  valuable  tool  ^or  meaningful 
learning.    The  purpose  of  *:his  naper  was  to  du scribe  ^  compare, 
contrast,  explain,  the    "anticipate  ap'^iications  for  concept 
circle  diagra?ns. 

If  what  has  been  presented  in  this  paper  withstands 
rlost  i»vrutiny,  I  see  that  fcllowing  features  of  concept 
circle  diagramming  as  its  stre  is; 

1.  )  it  is  a  way  of  introducing  students  to  the  basic 

concepts  of  meta "learning  prior  to  concept  mapping; 

2.  )  it  is  especially  appropriate  for  examining  inclusive/ 

exclusive  relationships  bet    en  bounded,  taxonomic 
concepts ; 

3.  )  it  XF,  an  alternate  way  of  encouraging  students  to 

reflect  on  what  they  ai.e  learning  and  tj  share 
m'^aning  through  words  and  diagrams; 

4.  )  it  demonstrates  that  principles  of  graphic  perception 

can  be  used  in  constructing  a  metacognitive  tool;  and, 

5.  ^  it  yields  an  approximation  of  what  the  learner  knows 

about  d  prescribed  subject  and  can  also  reveal 
conceptual  difficulties,  misconceptions,  and 
alternative  explanations  students  harbor. 
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Moving  Forvr-  rd 

Kossyln  (1980)  contends  that  much  of  what  we  know 
can  be  represented  in  several  different  ways  (e.g.,  prop- 
ositions, images)  and  that  particular  representational 
fo-matc  may  be  most  eff^'cient  for  performing  various 
cognitive  tasks    In  addition  to  subject-specific  diagrammatic 
tools,  science  educators  need  broadly  applicable  diagrammatic 
tools  to  help  students  un  ^.erstand  how  science  works  to 
produce  nev  knowledge  and  to  help  stud'^nts  learn  how  to 
learn  science. 

In  partial  response  to  the  important  issue  raised  by 
Texley  (1984)  in  an  editorial  to  the  readers  of  'ifie  Science 
Teacher  in  which  she  wrote;  "Despite  our  shared  desire  to 
teach  relevant,  meaningful  .science,  publishers  and  institutes 
of  teacher  education  have  provided  teachers  with  few  tools 
to  assess  more  than  rote  memory,'*  concept  circle  diagrams 
(along  with  concept  maps  and  vee  diagrams)  may  be  used 
not  only  to  promote  leamiaa  and  understanding  but  to 
assess  it  as  well. 

Because  this  is  a  paper  about  a  new  metacognitive  tool, 
it  seems  appropriate  to  summarize  the  conceptual  relationships 
that  were  stressed  in  this  paper  by  using  concept  circle 
diagrams.    Figures  7,  8,  and  9  are  included  for  that  purpose. 

Stigler  vl984)  concluded;  **Indeed,  perhaps  the  most 
powerful  tools  a  culture  can  provide  to  the  developing  child 
will  come  in  the  form  of  specialized  mental  representations 
that  are  passed  down  through  education.**    Perhaps  the  concept 
circle  diagram  is  such  a  tool  to  be  s.* '.jd  with  today *s 
children. 

At  the  end  of  their  seminal  article  introducing  educators 
to  the  concept  i.iapping  technique  they  developed,  Stewart, 
Van  Kirk,  and  Powell  (1979)  invited  u  ie  and«  testing  of  the 
technique  by  others  **in  order  to  add  empirical  validity 
to  the  idea.**    I  extend  a  similar  invitation  for  concept 
circle  diagrams. 
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.'igure  ?• 


Components  of  the 
Concept  circle  Technique 


The  con^rept  circle  technique  has  its  roots  in 
Ausubelian  learning  theory,  Leonhard  Euler's 
logic  diagrams,  visual  ^^erception  resear'^h,  and 
modem  const  rue  tivist  ep-^stemology. 


Figure  8. 


A  Comparison  of  the  Strengths  of 
Concept  M*ips  and  Concept  Circle  Diagrams 
in  Revealing  Cognitive  Structure  of  the 
learner 


The  meaning  of  most 
science  concepts  is  derived 
from  relationships  of 
hierarchy  or  taxonomy. 

Hierarchical  relationships  may  best 
be  revealed  using  concept  .tuips; 
taxonomic  relationships  (especially 
inclusive-exclusive  ones)  may  best  be 
revealed  using  concept  circle  diagrams. 


Figure  9# 


A  Proposed  Sequence  of  Instruction 
Using  Diagrams  to  LeaL*-*  How  to  LeazT* 
Science 


It  is  proposed  that  students  be  taught  how  to 
learn  science  using  diagrams  presented  in  th:3 
orders  basic  principles  of  metaleaming  and 
metaknowledge,  concept  circle  diagramning, 
concept  mapping,  vee  diagramming,  and 
subject -specif ic  diagramming. 
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Introduction 

The  basic  purpose  of  the  study  is  to  develop  an  instrdment  to 
measure  metacognition  and  to  deteruine  the  effects  of  schooling 
on  metacognition. 

The  concept  metacognition  is  introduced  by  Flavell  (1976).  He 
defined  metacognition  as  "knowledge  that  takes  as  its  object  or 
regulates  any  aspect  of  any  cognitive  endeavor"  (In:Brown  & 
Campione  1981,  j.SZi).  Since  Ihen  the  term  has  been  dsed  in  t  he 
developmental  area  to  refer  to  somewhat  separate  phenomena;  know- 
ledge about  cognition  and  regulation  of  cognition.  The  first 
phenomenon  is  concerned  with  a  person's  knowledge  about  his  own 
available  cognitive  means.  The  second  is  primarily  concerned  with 
self-i'egu'*atory  mechanisms  during  an  ongoing  attempt  to  learn  or 
solve  problems. 

It  IS  the  second  class  of  activities  we  are  concerned  with  in 
this  paper.  This  class  of  metacognitive  activities  involves  con- 
tent-free strategies  or  pr.»cedural  knowledge  such  as  sel  {-inter- 
rogation skills,  scW-checking,  and  so  forth.  In  other  words  U 
IS  an  activity  by  means  of  which  the  learner  manages  his  (or  her) 
own  thinking  behavior.  Srown  (in  Meichenbaum  c.s  1985)  summarizes 
these  metacognitive  activities  as  including: 

1.  Analyzing  ar-d  characterizing  the  problem  at  hand; 

2.  Reflecting  upon  wJ'At  one  knows  or  does  not  know  that  may  be 
necessary  lor  a  solu'  ion; 

3.  Devising  a  plan  for  attacking  the  problem, 

4.  Checking  or  ntonitoring  progress. 

A  central  problem  in  the  research  area  on  metacognition  is  the 
adequacy  of  the  assessment  techniques  designed  to  measure  meta- 
cognition. Meichenbaum,  Burland,  Gruson  &  Cdmcror.  1905)  consider 
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several  different  techniques  that  can  and  have  been  employed  to 
study  metacognitive  activities  in  children.  The  assessment  proci.- 
dures  ccnsidcred  ire  interviews  administered  both  concurrently 
and  on  a  post  performance  basis,  concurrent  think-aloud  assess- 
ments and  task  and  performance  analyses.  They  point  out  both  t^ 
advantages  and  disadvantages  of  these  techniques.  One  of  t  w 
pitfalls  of  the  interview  and  think-aloud  techniques  is  tn^t  the 
data  yielded  by  such  techniques  are  problematic.  The  most  serious 
problem  has  to  do  with  the  interpretive  difficulties  that  arise 
from  a  subject's  inability  to  verbalize  answers  or  thinking 
pattern.  The  absence  of  an  adequate  response  does  not  necessarily 
mean  that  the  subjects  were  not  involved  in  metacognitive  activi- 
ties. Gruson,  for  example,  showed  that  there  are  subjects  who,  on 
the  basis  of  observations,  manifest  consistent  strategies,  but 
who  fail  to  verbalize  such  strategies.  The  same  pattern  was  ai.'^c 
observed  in  Burland's  and  Cameron's  data.  Thus,  the  use  of  inter- 
view and  think-aloud  techniques  raises  an  important  theoretical 
issue:  do  we  indeed  limit  the  definition  of  metacognition  to  the 
subject's  abilities  to  verbalize  strategies? 

A  somewhat  different  approach  without  the  above  mentioned  pit- 
falls IS  to  assess  metacognitive  involvement  on  the  basis  of 
perfor*-ance  directly  without  the  subject's  self-report,  either 
concurrently  or  during  post  perform^-  ice.  Gruson  (1965)  has  shown 
that  It  IS  possible  to  infer  the  use  of  metacognitive  strategies 
on  the  basis  of  repeated  patterns  evident  while  carrying  out  the 
task.  Examples  of  how  one  ran  formally  conduct  metacognitj ve 
assessment  without  using  self-report  comes  from  the  work  of 
Sternberg  (1983).  Butterfield,  Wambold  &  Belmont  (1973)  and  the 
Soviet-psychological  work  of  Isaev  (1984)  and  Zak  (1985). 

In  our  restarch  on  metacognition  we  developed  the  line  of 
investigation  introduced  by  the  Soviets,  i.e.  conducting  meta- 
cognitive assessment  directly  on  pe»*formarce,  making  less  use  of 
verbal  questioning  and  focusing  mor^  on  behavioral  observations. 
The  results  of  studies  done  by  Isaev  (1986)  revealed  three  basic 
strategies  which  in  turn  are  used  to  measure  metacognitive 
functioning;  namely  manipulative,  empirical  and  theoretical.  A 
manipulative  strategy  consists  of  actions  or  moves  that  are  not 
guidpi  by  the  goal.  A  move  is  made  correctly,  but  is  made  because 
m  ing  has  to  be  done.  A  move  does  not  derive  from  the  subject's 
f^rcceding  move  and  is  not  the  basis  for  the  next  irwe;  the  moves 
are  not  linked  together.  Hostly^a  large  number  of  superfluous 
moves  IS  needed  to  reach  the  'ind  result.  Subjects  using  an  empi- 
rical strategy  approach  the  task  ttirough  moves  or  actions  that, 
step  by  step,  change  the  situation.  The  subject  expects  a  speci- 
fic result  fr>m  a  raov*  and  takes  that  into  account  when  making 
the  next  move.  Subj.«*».s  using  a  theoretical  strategy  think  over 
their  solution  process  beforehand.  These  subjects  continue  the 
search  in  their  mind  untill  they  find  *.he  most  efficient  way  of 
solving  the  task,  sometimes  testing  up  to  three  or  four  nonopti- 
mai  alternatives.  These  subjects  find  the  most  efficient  way  of 
solving  the  task  during  llic  first  or  second  item. 

Brown's  (1978)  four  categories:  analyzing  reflecting,  planning 
and  checking  afe  in  keep*ng  with  \he  C  description  of  the 

theoretical  strategy.  In  both  cases  the  inference  is  made  that  a 
subject  thinking  about  a  task  is  able  to  do  so  in  a  deductive 
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manner.  However  the  Soviet  psychologists  see  the  issue  of  reflec- 
tive thinking  or  metacognition  as  a  continuum  beginning  with 
manipulative  strategies  and  eventually  progressing  towards  the 
more  theoretical  strategies.  The  tasks  mea^iuring  metacognition 
xn  this  study  are  designed  in  a  manner  that  allows  the  observer 
to  draw  inferences  about  the  level  of  metacognitive  functioning. 
The  task  itself  is  constructed  to  elicit  differential  strategies 
when  the  tasks  are  solved.  Associated  with  the  task  are  specific 
scoring  procedures,  that  reflect  the  different  strategies  u^ed  by 
subjects  wh#>n  solving  a  given  task.  For  example,  the  tasks  of 
thjs  study  scored  1-3  reflect  responses  that  are  categorized  as 
manipulative,  likewise  the  remaining  responses  categorize  e*  ner 
empiriCol  or  theoretical  response/.  The  tasks  and  scoring  are 
also  designed  so  th  t  subjects  who  change  strategies  may  also  be 
identified.  In  addition  the  tasks  are  novel  to  the  subject  and 
require  no  special  knowledge.  Moreover,  subject,^  are  motivated  to 
do  the  task  which  are  constructed  so  that  nobody  can  do  a  wrong, 
there  must  be  no  failure.  The  only  thint  that  matters  is  the  way 
in  which  the  subject  handles  the  task. 

METHOD 

Subjects 

Four  populations  were  used  for  this  study.  Two  populations  were 
selected  from  "regular"  Dutch  schools  and  two  populations  from 
"special"  schools  with  mentally  reti*rded  children  or  slow  lear- 
ners. The  regular  and  special  schools  each  were  represented  by 
schools  with  predominantly  ethnic  minorities  and  schools  with 
predominantly  Dutch  students.  Students  from  the  regular  schools 
varied  in  age  from  6*13  and  students  from  the  special  schools 
varied  i:  a^e  from  6-13,  because  hardly  any  6-  and  7  year  olds  go 
to  the  special  schools,  Fig.l  Illustrates  the  populations  for  the 
study. 

ethnic  native 
minority  dutch  tocal 

regular  2^  \\q  ijii 

special  26  •         29  55 

^ig.l  Population."?  and  number  of  subjects 


Procedure 

Three  metacognitive  tasks:  th*  strip-,  tower-  and  mole  task  were 
administered  individually  to  all  subjects  in  two  30-  minutes 
sessions.  In  the  first  session  the  strip-  and  tower  task  was 
given  to  the  su'  jects  and  in  the  second  session  the  mole  task. 
The  tasks  were  administered  by  an  experimenter  giving  the  in- 
structions and  an  observer  making  the  protocols. 
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Instruments 


Three  tasks  were  used:    the  strip  1        the  tower  task  and  the 
mole  task.   Instructi'>n  and  scoring      these  tasks  will  be  illus- 
trated by  a  detailed  description  of  one  of  the  tasks:    the  strip 
task. 

OTUPTASK 

The  strip  task  was  originally  developed  oy  the  Soviet  psycholo- 
gist Zak  (in  Wolters  1982)  and  was  designed  to  measure  reflection 
as  the  dominant  metacognitive  skill. 

The  material  used  is  a  plate  with  an  area  of  30  x  60  en  on  which 

two  parallel  lines,  with  a  distance  of  15  cm. 

Strips  are  used  in  the  following  numbers  and  measures: 

stnpindex  1  2  3  ^  5  6  7  e  9  10  11  12  13  1^  15  16 
length  3  6  9  12  15  18  21  2^  27  30  33  36  39  42  45  43 
number    10    10    10    5    5     5    3    2     1    1     1     l    l    l    l  l 

The  length  is  given  in  cm.  AH  sti-ips  are  3  cm  wide 


SET  UP 


p  1  il  t  c   f  I 


strips 


fig.2  Set  up  of  strip-task 


INSTRUCTION 

The  instruction  to  the  subjects  is  as  follows.  The  subject  is 
shown  a  model  strip  and  asked  to  make  a  strip  the  same  length  as 
the  model.  The  subject  is  given  a  number  of  strips  of  varying 
length  and  then  told  i  specific  number  of  strips  to  use  when 
constructing  a  length  equal  to  the  model  (fig.l).  It  is  empha- 
sized that  he  has  to  think  carefully  before  setting  out  to  solve 
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the  task. 

Before  starting  the  items  two  introductory  items  are  presented: 
first  a  model  strip  with  a  length  of  9  units  is  presented  and  the 
subject  is  instructed  to  build  a  matching  strip  with  two  parts. 
The  Item  is  coded  as  9(2);  the  9  indicating  the  length  of  the 
model  and  the  (2)  indicating  the  number  of  parts  to  be  used  in 
matching  the  model. 

Task  Items.  10(4),   14(5),  13(6),  12(7) 

After  the  subjects  have  done  four  items  they  are  given  instruc- 
tions designed  to  encourage  them  to  think  about  the  task  before 
they  actually  begin  to  select  the  strips  to  match  the  model.  They 
are  told  "from  now  on  we  will  see  how  much  time  you  need  to  do  a 
strip".  The  subjects  are  told  that  they  can  take  as  much  time  as 
they  want  to  think  -bout  the  problem  and  that  they  will  be  timed 
only  when  they  begin  selecting  and  placing  the  strips.  For  this 
second  phase  four  additional  items  are  presented  to  each  student. 
This  second  phase  is  used  to  determine  if  students  change  the 
strategy  they  used  in  the  first  phase  as  a  result  of  the  intro- 
duction of  instruction  prior  to  the  second  phase  items.  Perfor- 
mance time  is  taken  for  items:  J6(9),  15(8),  11(7)  and  13(6).  One 
item  13(6)  is  used  twice,  once  before  time  instruction  and  once 
after  time  instruction.  This  item  is  meant  as  an  extra  check  to 
see  if  subjects  change  their  strategy. 

SCOKING 

ITEM  SCORING 

score  0 

Subject  does  not  understand  the  instruction  despite  repeated 
explanation. 

Manipulative  category  (includes  scores  1,2  and  3) 

This  category  includes  behaviors  that  are  haphazard  and  without 
any  planning.  The  sul  ,  *ct  is  unaware  of  the  end  result  until 
after  it  has  been  accomplished.  It  is  only  at  that  time  that  the 
subject  recognizes  that  the  task  is  completed.  The  suljject  be- 
haves according  to  the  rules  attempting  to  match  the  mcdel  in 
length  but  looses  tracic  of  the  requested  number  of  strips.  The 
subject  placed  in  this  category  is  characterized  by  placing  and 
replacing  the  strips  ("removing  behavior**)  eventually  using  the 
correct  number  of  strips  with  less  and  less  removing  behavior. 

score  1 

The  subject  showc  "removing  behavior".  That  is,  a  subject  puts 
down  one  or  more  strips,  removes  all  or  some  of  them,  and  starts* 
all  over  again.  Sometimes  the  item  eventually  goes  wrong  because 
of  all  the  removing  the  subject  has  forgotten  the  number  of 
strips  to  use.  Mostly  the  subject  is  satisfied  as  soon  as  she  or 
he  has  the  proper  length. 


16(5):  9-7-1-4 

L 

^  3  -  2 

^4 


^1 

'->2  -  1 

score  1  example;  size  9  strip  is  removed  and  replaced  by  size  3 
and  size  2,  2  is  removed  ard  replaced  by  4  etc.  In  the  end  the 
length  IS  correct,  but  there  are  six  strips  ir^stead  of  Ihe  re- 
quired f  1  /e. 

score  2 

The  subject  sho^s  removing  behavior,  \)ut  eventually  each  item  is 
correctly  carried  out. 


16(5):  9-8-1-4 

I  ^2 
^4-2 

^4 
^1 

-  1 

score  2  example 
score  3 

One  or  two  strips  are  removed  and  replaced 


13(6):  6-3-3 

U  2  -  1  -  1 
2  -  1 


U 


score  3  example 


Empirical  category  (includes  scores  4  and  5) 

This  category  implies  that  a  subject  has  a  strategy  m  mind, 
characterized  as  inductive  and  recognizes  the  goal  of  the  task 
The  subject  has  no  need  to  remove  strips  once  they  are  placed, 
but  rather  adjusts  the  size  of  the  straps  as  che  task  is  being 
solved.  The  behavior  of  the  subject  is  in  a  step  by  step  fashion, 
placing  one  '^r  two  strips,  making  a  decision,  placing  another 
strip  and  adjusting  the  next  and  continuing  in  this  fa^hion  until 
all  the  strips  are  correctly  placed.  The  distinction  between 
score  4  and  score  5  iS  the  size  of  the  "step",  with  the  number  of 
strips  considered  together  larger  in  those  scored  5  then  4. 

score  4 

The  subject  shows  non-removmg  behavic,  The  strips  are  ^ut  down 
one  by  one.  In  the  following  illustration  the  subject  places  a 
size  2  strip  and  counts  aloud  one  and  continues  to  count  aloud  as 
each  strip  is  pl2ced,  finally  placing  the  last  strip  and  saying 
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12(7):  2-1-2-3-1-3-1 


score  4  example 
score  5 

The  subject  puts  down  the  strips  one  by  one.  There  are  strips 
with  only  two  different  lengths  and  these  two  different  strips 
are  Joined  togethe»*  In  the  following  illustration  the  subject 
places  five  2-strips  one  by  one  and  then  says  this  is  "five"  and 
I  need  two  more. 

12(7):  B'B-B-B-B'i-i 

score  5  example 


Theoretical  category  (includes  score  6  and  7) 

The  behavior  in  this  category  is  the  most  eff?cient  as  the 
subject  proceeds  in  a  deductive  manner.  The  subject  does  all  the 
planning  prior  to  the  time  he  actually  does  the  placement  of  the 
strips.  In  this  fashion  the  subject  takes  a  stack  of  strips  one 
less  then  the  necessary  number,  places  these  in  correspondence  to 
the  model  and  then  determines  the  size  of  the  last  strip  comple- 
ting the  comparison. 

score  6 

The  subject  picks  up  a  pile  of  small  strips  one  less  than  the 
required  number,  put  them  quickly  down  and  adds  the  last  strip  to 
make  it  equal.  An  estimation  error  is  sometimes  made  with  the 
completing  strip. 

15(8):  i-1-1-1-1-1-1-7 
score  6  example 
score  7 

The  same  behavior  as  with  score  6  is  shown,  but  without 
estimation  errors. 

15(8):  1-1-1-1-1-1-1. -e 

score  7  example. 


SOORING  OF  MET AOOGNinVE  LEVELS 

The  strip,  tower  and  mole  task  each  consist  of  8  items.  After 
four  Items  a  moment  of  reflection  for  the  subject  is  induced. 
This  happens  indirectly  by  way  of  a  special  instruction.  In  the 
strip  task  a  reflection  moment  is  induced,  as  we  have  seen,  by 
indicating  to  the  subject  the  need  to  think  before  solving  the 
task  which  is  timed. 

The  activity  in  the  tower  task  is  to  find  a  specific  tower  by 
asking  questions  about  the  properties  of  the  different  towers. 
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The  goal  is  to  find  the  tower  in  a  minimal  number  of  questions. 
I'he  actitivity  in  the  mole  task  is  to  find  the  shortest  route  of 
a  mole  to  his  foodplace  in  a  structured  garden.  In  each  task 
after  four  items  the  subject  is  given  the  opportunity  to  think 
about  the  efficiency  of  the  strategy  used  and  possibly  change  the 
strategy  to  a  more  efficient  one. 

For  each  of  the  three  tasks  a  score-level  was  calculated  by 
taking  the  mean  score  over  the  eight  items. 

Apart  from  a  score-level  a  so  called  code-level  was  calculated, 
indicating  the  effect  of  the  moment  of  reflection  induced  halfway 
each  task.  The  procedure  to  obtain  the  code-level  for  each  task 
IS  as  follows:  for  each  of  the  three  tasks  for  the  first  four 
Items  and  the  second  four  items  scores  were  placed  in  one  of  the 
three  categories:  manipulative  -  empirical  -  theoretical.  It  was 
then  possible  to  obtain  a  coded  score  for  each  subject  on  each  of 
the  three  tasks  based  on  whether  or  not  the  strategy  changed  from 
the  first  to  the  second  phase  of  each  task.  These  coded  scores 
were  placed  in  a  numerical  hierarchy  from  1  to  7  with  a  code- 
level  of  1  demonstrating  the  strategies  using  the  least  metacog- 
nition  and  a  code-level  of  7  demonstrating  tue  most.  For  example, 
a  subject  with  a  code-level  of  1  on  the  strip  task  would  have 
used  a  manipulative  strategy  for  the  first  four  items  and  conti- 
nued with  a  manipulative  strategy  for  the  four  items  after  re- 
flecting was  requested.  A  subject  coded  6  uses  an  empirical 
strategy  for  the  first  four  items  and  changes  to  a  theoretical 
strategy  for  the  second  four  items.  Fig.3  illustrates  the  seven 
code-levels  that  were  used.  A  student  with  a  mean  score  smaller 
than  3.50,  falling  between  3.f0-5.00,  or  greater  than  5.00  was 
classified  as  manipulative,  empirical  or  theoretical  respective- 
ly. The  criteria  for  change  from  the  first  four  items  to  the 
second  four  items  is  that  the  difference  between  the  mean  score 
achieved  on  the  second  four  items  had  to  be  equal  or  greater  than 
0.75  than  the  mean  ::core  achieved  on  the  first  four  items.  In 
addition  the  mean  score  for  the  seer  j  four  items  had  to  fall  in 
a  category  above  the  mean  score  of  the  first  four  items. 
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VALIDATION 

To  validate  the  measure  of  raetacognitive  skill,  we  computed 
correlations  between  the  three  tasks  on  score-  25  well  as  code- 
level.  All  the  correlations  fall  between  .49  and  .69  and  are 
significant  (p  <  .005).  Therefore,  the  raetacognitive  measures  are 
related  highly  to  each  otner. 

ETOHIC  MWORTrY  AND  NATIVE  DUTCH  POPU  >iTIONS 

The  means  and  standard  deviations  of  the  score-level  over  the 
three  tasks  for  the  respective  populations  are:  ethnic  minority 
3.79  (SD  =  1.16);  native  dutch  4.17  (SD  z  1.23).  For  differences 
among  means  .  a  t-test  revealed  a  non-signif icant  difference 
between  ethnic  minority  and  native  dutch  populations  (t  =  1.87,  p 
=  .06).  The  means  and  standard  deviations  of  the  code-level  for 
the  respective  populations  are  3.70  (SD  =  1.62)  and  3.91  (SD  = 
2.08).  A  t-test  revealed  an  even  smaller  non-signif icant  differ- 
ence between  ethnic  minority  and  native  dutch  populations  (t  = 
0.74,  p  =  .46).  When  we  look  at  the  two  populations  within  the 
regular  and  special  schools  respectively,  results  similar  to  the 
above  are  obtained 

Thus,  with  respect  to  metacognitive  measures  we  are  dealing  with 
one  population  instead  of  two.  This  is  different  from  what  we 
would  expect,  for,  when  scoring  scholastic  achievements  ethnic 
minorities  score  lower  than  native  students.  One  explanation  for 
this  finding  might  be  that  the  tasks  at  hand  are  less  culture 
bound  then  the  scholastic  tasks.  Another  explanation  could  be 
that  these  tasks  do  not  in  any  way  measure  verbal  stills.  For  any 
further  data  analysis  we  will  not  make  a  distinction  between 
ethnic  minority  subjects  and  native  dutch  r'lbjects. 


RBjULAR  AND  SPECIAL  SCHOOLS 

/;i  subjects  are  assigned  to  grades  according  to  their  chronolo- 
gies! age.  One  has  to  bear  in  mind  that  a  student  from  the 
special  school  with  the  same  chronological  age  as  a  student  from 
the  regular  school  docs  not  have  a  mental  age  comparable  to  tho 
regular  student.  For  reasons  of  simplicity  we  have  only  made 
groups  on  the  basis  of  g»"ades  according  to  chronological  age.  For 
example  a  10-year  old  special  school  student  is  classified  as  a 
fourth  grader.  This  also  means  that  for  the  special  schools  we 
have  no  grouos  of  first  and  second  graders,  because  there  are 
hardly  any  6  and  7  year  olds  in  special  schools. 

The  results  of  a  trend  analysis  of  score-level  over  the  three 
tasks  with  grade  for  the  two  schooltypes  is  depicted  in  fig. 4. 
The  correlation  between  score-level  and  grade  is  for  the  special 
school  group  .19  (p  =  .08)  and  for  the  regular  school  group  .47 
(p  1  .005),  indicating  that  the  increase  of  score-level  with 
grade  is  significant  for  the  regular  school  subjects  and  that 
there  is  no  significant  increase  with  grade  for  the  special 


school  subjects.  Similar  results  are  obtained  for  each  task 
separately. 

Means,  standard  deviations,  t-values  and  p-values  of  metacogni- 
tive  score-level  over  the  three  tasks  for  grades  3-5  for  the 
respective  schooltypes  are  given  in  table  1.  A  significant  dif- 
ference on  metacognitive  score-level  between  the  regular  -  and 
special  school  students  is  not  found  until  the  students  are  in 
the  fourth  grade,  when  they  are  about  10  years  of  age.  The  im- 
pression IS  that  before  age  iO  the  differences  on  metacognitive 
scor  ?-levei  are  not  yet  manifested. 

Before  interpreting  and  discussing  the  preceding  results,  we  will 
consider  the  results  on  metacognitive  code-level  first. 

The  results  of  a  trend  analysis  for  metacognitive  code-level  over 
the  three  tasks  with  grade  for  the  two  schooltypes  is  depicted  in 
fig.5.  The  correlation  between  metacognitive  code-level  and  grade 
IS  for  the  special  school  group  .09  (p  =  .23)  and  for  the  regular 
school  group  .46  (p  =  .001).  Metacognitive  code-level  shows  even 
more  clearly  than  metacognitive  score-level  that  the  regular 
school  subjects  develop  Jignificantly  with  age  with  regard  to 
metacognitive  skill.  Apparently,  the  special  school  subjects  do 
not  show  a  significant  rise  in  metacognitive  code-level  from  age 
6  through  13.  Similar  results  are  obtained  for  each  task  separa- 
tely. 

Means,  standard  deviations,  t-vaiues  and  p-values  for 
metacognitive  code-level  over  the  three  tasks  for  grades  3-5  for 
the  respective  schooltypes  are  shown  in  table  2. 
For  metacognitive  code-level,  as  is  shown  in  table  2,  the  signi- 
ficant difference  between  special  school  subjects  and  regular 
school  subjects  does  not  appear  at  grade  4,  as  was  the  case  with 
the  metacognitive  score-level,  but  one  year  later  at  grade  5. 


Discussion 

HETAODGNrnVE  9C30RE-LEVEL  AND  METACOGNrnVE  OODE-LEVBL 

Is  It  relevant  to  make  a  distinction  betv  2n  metacognitive  score- 
level  and  netacognitive  code-level?  The  results  of  this  study 
show  clearly  that  metacognitive  score-lev^i  and  raetacognitive 
code-level  are  related  but  distinct  measures.  The  respective 
graphs  in  fig.  4  and  5  indicate  a  difference  lU  slope  and  star- 
ting point.  The  slope  of  the  metacognitive  code  curve  is  steeper 
than  the  curve  for  the  metacognitive  score  curve  for  both  the 
regular  and  special  school  group.  The  regular  school  subjects 
seem  to  start  at  a  lower  level  in  the  first  grade  for  the  meta- 
cognitive code-level  compared  to  the  mctacogn* tive  score-level. 
The  difference  in  starting-point  for  the  special  school  subjects, 
when  they  have  the  age  of  a  third  grader,  is  difficult  to  Judge 
because  there  is  not  much  change  iinyhow  in  both  the  score  and 
code  curve  over  the  grades. 
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table  1  Results  of  a  t-test  for  differences  among  means  of  score- 
levels  for  grades  3-6.  'Significantly  different  with 
P  <  .05;  "significantly  different  with  p  <  .01 


flg.1  The  relation  between  metacogniti ven  score-level  over  the 
three  tasks  and  grad»  for  special  and  regular  schooltype.<;. 
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fig.5  The  relation  between  metacognitive  code-level  over  the 
three  task*  and  grade  for  special  and  regular  schooltypes. 


The  difference  in  definition  between  score-level  and  code-level 
has  to  do  with  measuring  and  identifying  a  change  in  strategy, 
after  reflection  has  been  asked  for.  A  change  in  strategy  is 
explicitly  represented  in  the  code-level  and  this  is  rot  so  in 
the  score-level.  So  the  mctacognitive  code-level  gives  informa- 
tion about  the  kind  of  strategy  a  subject  uses  and  a  possible 
change  in  strategy  whereas  the  metacognitive  score-level  does  not 
give  this  information.  For  example,  a  subject  using  a  theoretical 
strategy  for  the  first  four  items  and  then  switching  to  an  empi- 
rical strategy  for  the  second  four  items  mi.^ht  score  the  same  as 
a  subject  switching  from  empirical  to  theoretical.  The  first 
subject,  however,  would  be  assigned  to  code-level  5  and  the 
second  subject  to  code-level  6.  This  is  one  of  the  reasons  why  we 
prefer  the  mctacognitive  code-level  as  a  measure  for  metacogni- 
tive skill.  But  there  is  another  reasons  why  we  prefer  the  mcta- 
cognitive code-level  above  the  metacognitive  score-level.  When 
extrapolating  the  code-level  curve  of  the  special  school  group  to 
the  first  grade  ihere  is  no  difference  in  starting  point  for  the 
two  groups.  The  special  school  student  and  the  regular  school 
student  both  start  in  the  first  grade  at  the  same  metacognitive 
level.  Fig  5  corresponds  more  with  reality  than  fig.'i.  Usually  at 
the  start  of  the  first  grade  there  are  no  noticable  differences 
yet  between  retarded  and  nonrctarded  students.  Only  in  the  course 
of  the  first  or  second  grade  a  difference  is  noticed  by  the 
teacher  and  then  the  students  may  be  refered  to  a  special  schooi. 
The  results  of  various  other  studies  mention  this  phenomenon 
(Brown  1978}.  It  is  in  the  context  of  schools,  particularly  m 
the  later  grades,  that  great  emphasis  is  placed  on  decontextua- 
lized  skills  of  knowing,  the  learning  to  learn  skills.  The  slow 
learners  or  the  mentally  retarded  are  the  ones  who  have  problems 
grasping  these  skills  and  consequently  they  are  diagnosed  as  slow 
learners. 

MCTAOOGKinVE  EEVEUOPMEKT,  RCTARDBD  AHD  NCKRETARDF:)  STUDENTS 

It  is  obvious  from  fig.5  and  table  2  that  special  school  students 
and  regular  school  students  differ  in  metacognitive  skills  and 
development.  Metacognitive  development  of  the  special  school 
students  iz  impaired.  There  is  a  significant  rise  in  metacogni- 
tive level  for  the  regular  school  student  but  not  for  the  special 
school  student.  With  the  results  of  this  study  it  might  be  pos- 
sible to  Identify  characteristics  of  metacognitive  functioning 
which  are  lacking  or  reduced  in  retarded  students  relative  to 
nonretarded  students  and  which  are  wholly  or  in  part  responsible 
for  the  observed  performance  differences  on  the  tasks  presented. 

At  this  point  we  would  like  to  recall  some  characteristics  of  the 
metacognitive  code-levels.  There  are  as  we  have  seen,  three 
levels  where  a  strategy  remain?  the  same  for  the  first  and 
second  phase  of  the  task:  level  1,  4  and  7.  Level  1  indicates  a 
manipulative  or  haphazard  strategy  throughout  the  task.  Level  4 
indicates  an  empirical  or  inductive  strategy  throughout  the  task. 
Level  7  indicates  a  theoretical  or  deductive  strategy  throug^out 
the  task.  Level  3  and  6  ^re  interesting  metacognjtive  levels  from 


a  developmental  point  of  view.  In  these  two  levels  a  progressive 
change  is  taking  place.  In  level  3  the  student  uses  a  manipula- 
tive strategy  in  the  first  phase  of  the  task,  and  after  requested 
reflection  changes  the  strategy  to  an  empirical  one  which  is 
higher  in  the  metacognitive  hierarchy.  In  level  6  a  change  takes 
place  from  an  empirical  strategy  to  a  theoretical  strategy.  A 
studen*  using  a  theoretical  strategy,  i.e.  using  tne  most  meta- 
cognition,  IS  able  to  select,  modify  and  sequence  actions  into  an 
overall  plan  or  procedure  and  then  oversee  and  evaluate  the 
effecacy  of  the  approach  selected.  By  introducing  a  moment  of 
reflection  halfway  the  task,  as  we  did  in  our  research,  we  urge 
the  student  to  do  just  that,  use  his  or  her  metacognitive  poten- 
tial and  evaluate  the  effectiveness  of  the  strategy  used  during 
the  first  phase  of  the  task. 

The  special  school  group  is  a  homogeneous  one  in  that  no  one  is 
classified  as  attaining  code-level  7,  whereas  some  of  the  regular 
students  in  the  higher  grades  do  indeed  reach  level  7.  Characte- 
ristic for  a  10-year  old  average  regular  student  is  the  use  of  an 
empirical  strategy,  whereas  an  average  10-year  old  retarded 
student  xs  characterized  by  the  use  of  a  manipulative  strategy  or 
a  strong  inconsistency  in  strategy  use,  i.e.  lacking  any  plan  to 
form  a  plan  resulting  in  haphazard  behavior.  This  characteristic 
IS  one  aspect  in  which  a  retarded  child  differs  from  a  nonretar- 
ded child  of  comparable  chronological  age. 

Although  according  to  table  2  the  differences  xn  metacognitive 
code-leveJ  between  retarded  an  d  nonretarded  children  become 
sisruf leant  only  in  grade  5,  care  must  be  taken  not  to  draw 
premature  conclusions.  Such  a  conclusion  could  be  that  this 
mctacognitive  difference  only  arises  at  this  time,  because  in  the 
lower  grades  it  is  not  significantly  manifest.  It  is  most  likely 
however,  that  this  slowed  down  metacognitive  development  has  been 
going  on  for  quite  a  while.  Why  it  is  necessary  to  pay  attfntion 
to  this  point  is  explained  in  the  next  par^igraph. 

We  write  about  the  group  of  retarded  children  as  though  it  were  a 
homogeneous  one  while  in  fact  it  is  a  heterogeneous  group  of 
children.  It  is  true  that  retarded  children  often  did  use  a 
manipulative  strategy,  but  there  were  also  retarded  children  who 
changed  the:r  manipjlative  strategy  into  an  inductive  strategy 
(level  3)  after  reflection  was  requested  and  some  children  even 
used  an  inductive  strategy  throughout  the  task.  Our  main  concern 
at  this  point  is  the  le^^el  3  children,  the  children  who  profit 
from  reflection.  Contrary  to  the  common  opinion  that  retarded 
children  lack  any  metacognitive  skill  and  that  it  is  useless  to 
call  on  It,  these  children  can  progress  in  their  metacognitive 
development  and  with  whom  instruction  aiming  at  reflective  think- 
ing may  be  effective.  Rather  the  question  is  whether  at  the 
special  school  these  very  children  receive  the  instruction  that 
gets  them  started  to  make  use  of  their  metacognitive  potential. 
Because,  if  these  children  are  not  stimulated  by  explicit  in- 
struction then  their  metacognitive  development  will  not  progress 
As  snown  above  prompting  is  a  necessary  condition  for  thesf 
children. 
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The  results  of  this  research  show  that  not  only  there  are  defini- 
tely differences  in  metacognitive  developwent  between  retarded 
and  nonretarded  students  but  also  that  some  retarded  students 
tend  to  use  their  metacognitive  potential  if  they  are  motivated 
to  do  so. 
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I  n  t  r  o  d  u  c  t  i  o  n 

The  Microcomputer  Software  in  Science  Project 
began  in  Sept.,   1984  after  competition  for  award 
of  a  development  contract  from  a  major,  non- 
profit, New  York  State  electric  utility  company. 
The  contract  called  for  classroom  teacher 
participation  in  the  development  and  testing  of 
electricity  concepts  which  were  to  be  programmed 
for  use  in  sixth  through  ninth  grade  science 
classes.  There  was  to  be  free  distribution  of  the 
resulting  software  and  ancillary  materials  to  all 
interested  middle  school/ junior  hi^h  school 
teachers  in  New  York  State. 

Approximately  50  teachers  participated  in 
explicating  the  concepts  and  pedagogy  to  be  used 
with  average  students  at  the  targeted  grade 
levels.     Simulation  programs  were  chosen  by  the 
teachers  as  the  type  of  software  best  suited  to 
use  in  typical  science  classrooms  across  New  York 
State.  Because  of  their  popularity  in  New  York 
State  the  Apple  11+  and  lie  systems  were  chosen  as 
the  machines  for  whicli  programs  would  be  written. 

The  entire  development  process  for  the  programs 
resulting  from  the  project  is  described  in  a  paper 
being  prepared  for  publication  by  the  author. 
Detailed  reports  on  the  first  and  second  rounds  of 
project  software  testing  are  contained  in  doctoral 
dissertations  prepared  or  being  prepared  by 
students  of  the  writer. 

This  report  is  intended  to  make  available  a 
preliminary  quantitative  assessment  of  the 
cognitive  and  affective  outcomes  resulting  from 
use  of  software  produced  during  the  three-year 
development  project  at  Teachers  College,  Columbia 
University.     Quantitative  evaluations  of  any  type 
of  software  are  rarely  attempted  and  even  more 
rarely  reported  in  the  literature  available  to 
teachers  and  teacher  educators.   Therefore,    it  is 
difficult  to  make  informed  decisions  on  the  types 
of  software  or  softv;are  titlec  that  would  be  most 
^       efficacious  in  a  particular  science  program.  It 
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is  hoped  that  this  paper  will  be  seen  as  one 
effort  to  b*gin  a  dialog  through  which  science 
teachers  and  sci«:nce  education  faculty  in  colleges 
can  take  a  more  active  role  in  specifying  criteria 
for  development  and  use  of  computer  software  in 
school  settings. 

Software  content  concepts  and  goals 

Seven ,  menu  driven  simulation  programs  were 
conceptualised  by  project  teachers  and  staff.  Of 
these,   two  were  chosen  for  programming  by  another 
contractor  working  for  the  electric  utility 
company . 

The  first  simulation,  Watts  in  a  Home,  focuses 
on  concepts  relating  to  the  logical  onu  efficient 
use  of  home  appliances  during  part  o:  a  typical 
day .   Teams  of  two  students  attempt  to  function 
within  a  budget  for  ei3ctricity  cost  and  to 
use  combinations  of  appliances  that  do  not  exceed 
the  maximum  wattage  (amperage)  allowed  for  the 
house . 

The  second  simulation,  Power  Controller, 
stresses  concepts  relating  to  tlie  hourly  variation 
in  power  demand  by  a  m  ;dium-size  community.   A  team 
of  three  students  is  responsible  for  supplying 
uninterrupted  electrical  power,   at  minimum  cost, 
to  the  community  by  use  of  up  to  four  differeiit 
power  sources. 

Block  I  (Energy  Sources  and  Issues)  of  the  New 
York  State  curx'iculum  for  middle/junior  high 
schools  became  available  as  we  were  wel?   into  the 
explication  of  software  concepts.   Happily,  the 
concepts  of  the  two  programs  fall  within  the 
Concepts  and  Understandings  detailed  in  Block  I. 
They  are  found,   also,    in  most  of  the  commercial 
textbooks  used  by  New  York  State  teachers. 

Software  content  goals  were  easily  translated 
into  behavioral  objectives.  Of  greater  difficulty 
was  the  goal  of  making  the  software,   and  its 
operation,    selt  explanatory  through  on-screen  text 
and  tutorials.   A  third  goal  was  to  design  the 
programs  for  game-like  operation  in  the  hope  of 
enhancing  student  enjoyment  and  learning. 

A  first  round  of  testing  was  accomplished  in  the 
spring  of  1986  in  three  classes  per  grade  level  (6 
through  9)   at  public  schools  in  counties  to  the 
north  of  New  York  City    Gain  scores,  affective 
responses  and  written  co.iments  by  the  students  led 
to  modification  of  the  -oftware.    In  addition,  a 
six-lesson  curriculum  package  was  developed.  It 


1041 


specified  pre-simulation  and  post-simulation 
reading  end  homework  assignments,  hands-on 
laboratory  assignments  and  audio  visual  material 
to  be  used  with  the  simulation  software.  Teachers 
were  encouraged  to  have  an  extra  computer  lab 
period  for  practice  with  the  software.  This 
suggestion  arose  from  comments  by  some  students 
that  they  were  not  experienced  with  operation  of 
computers.   Also,   some  needed  more  time  to 
f amilia.'-ise  themselves  with  philosophy  and 
operation  of  the  programs. 

A  second  round  sting  was  accomplished 

between  late  fall,    .  and  late  springs  1987. 

The  testing  took  r-dce  in  both  New  York  City  and 
suburban  public  schools.   The  relatively  long 
testing  period  was  needed  so  that  teachers  could 
integrate  the  curriculum  package  into  their 
regular  teaching  schedule. 

The  two  computer  programs  and  associated 
curriculum  elements  were  used  by  a  total  of  323 
students  in  grades  six  through  nine.  Of  these, 
only  292  students  completed  the  pre-  and  post-test 
evaluation  instruments.   Some  variation  exists  in 
the  non-computer  elements  of  cuzriculum  used  by 
individual  teachers.  Therefore,   the  number  of 
affective  responses  is  reduced  because  cf 
procedural  and  personal  factors. 

Ev§iy§iion  resultsj:  Watts  in  a  Home 

A  '^2  item,   four-choice  multiple-choice  test  was 
adr-iinistered  both  before  and  after  instruction. 
The  sequence  of  answer  choices  for  each  question 
was  changed  for  the  posttest.   Table  1  gives  the 
raw  data  for  pretest  and  posttest  scores,   by  grade 
and  gender,   and  gain.  Pretest  scores  arc  above 
chance  expectation  for  all  grade  levels.  This 
suggests  a  fair  amount  of  prior  knowlcJ^©" 
especially  among  students  at  the  three  higher 
grade  levels. 

A  repeated  measures  analysis  of  variance  was 
performed  on  the  data.  As  shown  in  Table  2  the 
main  effect  for  improvement  from  pre-  to  post-test 
was  statistically  significant  at  the  one  percent 
levels   as  was  the  interaction  between  improvement 
and  grade  level. 

Data  on  individual  student  reactions  to  the 
program  were  obtained  by  use  of  questions  having  a 
five-point  Likert  response  scale.   Table  3  presents 
overall  responses  relating  to  the  amount  of 
learning  resulting  from  use  of  the  program. 
Similar  data  for  instructional  procedures  are 
given  in  Table  4.  Average  responses  were  positive 
to  very  positive  for  all  items  on  the 
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opinionnaires.  The  positive  attitudes  toward  the 
organisation  of  the  software,  ease  of  computer  use 
and  working  with  a  partner  are  especially 
gratifying  in  light  of  the  effort  expended  in  hope 
of  achieving  such  results. 


TaDte  I 

Means  and  Standard  Deviations  or  Pretest,  Posttest  and  Gams 
Broken  Down  Dy  Grade  and  Gender 
Watts  in  a  Home 


Pretest  posttest  Gains 


Grade  n      f    Total       n      F    To^ai       n      F  Total 


N      20     26     46         20     26  46 
Mean       81     98     90        86    I'O   100        5  13 
3^       35     24     30        2  7     28  50 


N      48     7:    120         48      72  120 
Mean      108    108    108       106    105   105       -2  -4 


Sd        30     27     28         32       1  5: 


N      59       7      46         59       7  46 
Mean     I!6    II 0   115       12  0   15  6   12.5        4  26 
5d        50     1,8     28         2o     15     2  7 


N  32     48     80  3?  48  80 

Mean  127    I2.7    1^7  148  147    147       22     20  ! 

3d  27     24     2  5  30  32  31 

Total 

N  159    155    292  139  155  292 

Mean  111112111  117  12  0118        6      8  7 

3d  55     27     3  1  36  36  36 


Table  2 

Summary  of  Repeated  Measures  ANOVA 
Of  Pretest  and  Posttest  Scores  by  grade  and  Sex 
Watts  m  a  Home 


Source 


df 


ns 


Between 

Grade  3 

Sex  I 

Grade  x  Sex  3 

Error  J84 
Wtthin 

Score  difference  1 

Score  dl  f  f  erence  x  Grade  3 

Score  difference  X  Sex  1 
Score  dl  f  f  erence  x  Sex  x  Grade  3 

Error  284 


445  8 
298 
292 
123 

100  7 
458 
96 
5.8 
46 


362** 
24 
24 


2\Q^ 

21 
1  3 


♦♦Significant  at  p  <  01 


TaDle  3 

Student  Self-Ratings  of  Amount  of  Learning  for  Eacn  Topic 
Of  Watls  in  a  Home  on  a  Five-Point  Scaled 


ERLC 


Area 

N 

Mean 

s.d. 

a   Understanding  electrical  curcults 

281 

3.3 

1  1 

b   How  curcuit  breakers  worK 

280 

3.6 

1.3 

c.  Wattage  requirements  of  applicances 

280 

37 

1  1 

d   Appl  icance  use  during  day 

281 

3.9 

1  0 

e.  Computer  use 

278 

34 

1  4 

f   Overall  content 

28 1 

3.6 

1  1 

a  I  »  low;  5  »•  high 
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Table  4 

student  Ratings  of  various  Aspects  of  instruction 
in  watts  in  a  Home  on  a  Five-Point  Scale^ 


Area 

Moan 

s  d. 

a  Organization 

280 

3  7 

b    Ease  of  following 

281 

3.6 

10 

c.   Ease  of  using  computer 

280 

^^3 

6 

d.   Fit  witn  regular  science  instruction 

279 

32 

1  1 

e    Working  witn  partner  (desirability) 

276 

38 

1  3 

f    Preslmulatlon  homeworK 

236 

32 

1.2 

g    Postsimulation  homeworK 

234 

J.l 

LI 

*  1  «  low.  5  '  high 


Tlyaluation  results  :\  Power  Control  ler 

A  27  item,   four-choice  multiple-choice  test  was 
administered  both  before  and  after  instruction.  As 
mentioned  previously,  the  sequence  of  answer 
choices  for  each  question  was  changed  for  the 
posttest.  Table  5  gives  the  raw  data  for  pretest 
and  posttest  scores,  by  grade  and  gender,  and 
gain.   Pretest  scores  are  above  chance  expectation 
for  all  grade  levels.  Again,   this  sugests  a  fair 
amount  of  prior  knowledge-  especially  among 
students  at  the  three  higher  grade  levels. 

A  repeated  measures  analysis  of  variance  was 
performed  on  the  data.  As  shown  in  Table  6  the 
main  effect  for  improvement  from  pre-  to  post-test 
was  statistically  significant  at  the  one  percent 
level,   as  was  the  interaction  between  improvement 
and  grade  level. 

Data  on  individual  student  reacti.-^ns  to  the 
program  were  obtained  by  use  of  a  qu. - cionnaire 
having  a  five-point  Likert  response  scale.  Table  7 
presents  overall  responses  relating  to  the  amount 
of  learning  resulting  from  use  of  the  program. 
Average  responses  were  positive  for  all  items. 
Similar  data  for  instructional  procedures  are 
given  in  Table  8.     Average  responses  were  positive 
to  highly  positive  for  all  items  except  those 
x-elating  to  homework  assignments.     The  positive 
attitudes  toward  the  organisation  of  the  software, 
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ease  of  computer  use  and  working  with  a  partner 
are  especially  gratifying  in  light  of  the  effort 
expended  in  hope  of  achieving  such  results.  The 
neutral  attitude  toward   "ease  of  following" 
represents  a  triumph  over  the  earlier  test  results 
but  suggest?  that  an  even  greater  effort  is  needed 
to  make  this  relatively  complicated  program  easier 
to  compx'ehend. 


TaDieS 

neans  ana  stanaara  Deviations  of  Pretest.  Posttest  ana  Gams 
Broken  Down  by  Grade  ana  Genaer 
Power  Controller 


Pretest  Posttest  Gams 


Grace  n      F     Total       n      F    Total       M      F  Total 


N     20     26     46         20     26  46 
Mean      9  1    I0  7  100       I06   12.4  116      16     17  1.7 
sa.  3.9    3  9        34    5  1  45 


N     48     72    120         48     72  120 
Mean     12.7   118   1Z2       162   156   153      3.4    38  36 
sa       51     43     46         52     46  48 


N     39       7     46  39       7  46 

Mean      147    156    149        188    196    189       41     40  40 
sa       52     51     52         40     46  47 


N  32  48  80  32  48  80 

Mean  159  164  102  213  209  211      53    45  48 

3d  43  46     45  26  37  33 

Total 

N  139  153    292  139  153  292 

Mean  13.5  132  134  173  169  171       78     3  7     3  7 

3d  52  49  5  i  55  54  5.4 
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laoie  6 

Summary  of  Repeatea  Measures  anova 
Of  Pretest  and  Posttest  Scores  by  grade  ana  Sex 
Power  Controller 


Source  af  MS 

Between 


Graae 

3 

1380  5 

440* 

Sex 

1 

1871 

6 

Graae  x  Sex 

3 

3490 

1  11 

Error 

284 

31  39 

witnir. 

Score  aifference  l  11638  1315* 

Score  aifference  X  Graae  3  52  5  59* 

Score  aifference  X  Se?t  l  3  03 

Score  aifference  X  Sex  X  Graae     3  3  0  34 

Error  284  88 

'♦Significant  at  p  <  01 


Table  7 

Student  Self-Ratings  of  Amount  of  Learning  for  Each  Topic 
Of  Power  Controller  on  a  Five-Point  Scale« 


Area 

N 

Mean 

sa. 

a    Power  aemana  curve 

275 

3.1 

1.1 

b    Power  plant  operation 

275 

32 

c    Generation  costs . 

274 

35 

1  1 

a   Pumpea  storage 

273 

3.4 

1  1 

e    Computer  use 

270 

3.3 

1  3 

f.   Overall  content 

275 

3.5 

3  I  *  low;  5  *  high 
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Table  8 

Student  Ratings  or  various  Aspects  or  instruction 
In  Power  Controller  on  a  Five-Point  Scale® 


Area 

N 

Mean 

sd 

a  Organizattcn 

275 

35 

I  0 

b.  Ease  or  rot  lowing 

275 

30 

9 

c.  Ease  or  using  computer 

275 

40 

9 

d.  Fit  with  regular  science  instruction 

275 

3  1 

1  1 

e    worKing  with  partner  (aesiraDiiiiy) 

275 

37 

1  3 

f  PresimulatlonhomeworK 

2I4^> 

28 

1  1 

g    Postslmulai Ion  homework 

220b 

29 

1  1 

*  1  »  low.  5  =  high 

^  A  number  of  students  did  not  receive  the  homework  assignment 


Summari^ 

The  two  microcomputer  simulations  about 
electri'^ity,  Watts  in  a  Home  and  Power  Controller, 
have  proved  effective  and  popular  when  used  with 
an  instructional  package  at  the  sixth  through 
ninth  grade  levels.  The  results  for  average 
students  should  improve  with  brighter  students. 

The  pretest-posttest  results  suggest  that  the 
programs,   while  effective  at  the  sixth  grade 
level,  will  achieve  much  be   ter  results  at  higher 
grade  level3.   There  is  no  question  ii.  the  writer's 
mind  that  adults  who  are  concerned  with  electrical 
safe'cy  at  home  and  who  pay  electricity  bills  also 
will  benefit  from  exposure  to  the  programs. 

Of  personal  interest  to  the  writer  was  teacher 
and  student  attitude  toward  group  instruction  in 
science  using  computer  simulations.  Personal 
observation  and  interviews  revealed  that  teachers 
can  overcome  difficulties  in  scheduling  computer 
rooms  for  science  instruction.  Also,   they  easily 
were  able  to  control  a  learning  situation  in  which 
students  were  very  actively  conversing  with 
teammates,   and  other  teams,   in  an  effort  to 
develop  strategies  to  achieve  good  results  with 
the  programs. 

Of  similar  interest  was  the  question  of  student 
attitude  toward  cooperating  with  one  or  more  team 
members  during  the  learning  situation.  The 
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affective  data  confirm  that  the  team  effort  is  as 
popular  with  computer  use  as  it  is  with  well-run 
laboratory  experiences . 
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